ECODESIGN Pilot 




ALLIANCE FOR GLOBAL SUSTAINABILITY BOOKSERIES 

SCIENCE AND TECHNOLOGY: TOOLS FOR SUSTAINABLE DEVELOPMENT 

VOLUME 3 

Series Editor: Dr. Joanne M. Kauffman 

Laboratory for Energy and the Environment 
Massachusetts Institute of Technology 
1 Amherst St., Room E40-453 
Cambridge, Massachusetts 02139 USA 
Phone: 617-253-0769 
Fax: 617-258-6590 
Jmka uffm @ mit.edu 

Series Advisory Board: 

Dr. John H. Gibbons 

President, Resource Strategies, The Plains, VA, USA 

Professor Atsushi Koma 

Vice President, University of Tokyo, Japan 

Professor Hiroshi Komiyama 
University of Tokyo, Japan 

Professor David H. Marks 
Massachusetts Institute of Technology, USA 

Professor Mario Molina 

Massachusetts Insitute of Technology, USA 

Dr. Rajendra Pachauri 

Director, Tata Energy Research Institute, India 
Professor Roland Scholz 

Swiss Federal Institute of Technology, Zurich, Switzerland 
Dr. Ellen Stechel 

Manager, Environmental Programs, Ford Motor Co., USA 
Professor Dr. Peter Edwards 

Department of Environmental Sciences, Geobotanical Institute, Switzerland 
Dr. Julia Carabias 

Instituto de Ecologia, Universidad Nacional Autonoma de Mexico, Mexico 
Aims and Scope of the Series 

The aim of this series is to provide timely accounts by authoritative scholars of the results of 
cutting edge research into emerging barriers to sustainable development, and methodologies 
and tools to help governments, industry, and civil society overcome them. The work presented 
in the series will draw mainly on results of the research being carried out in the Alliance for 
Global Sustainability (AGS). 

The level of presentation is for graduate students in natural, social and engineering sciences as 
well as policy and decision-makers around the world in government, industry and civil society. 




ECODESIGN Pilot 

Product Investigation, Learning and Optimization 
Tool for Sustainable Product Development, with CD-ROM 



by 

Wolfgang Wimmer 

Vienna University of Technology, 
Institute for Engineering Design, 
Vienna, Austria 

and 

Rainer Ziist 
ETH Zurich, 

Alliance for Global Sustainability, 
Zurich, Switzerland 



KLUWER ACADEMIC PUBLISHERS 

NEW YORK, BOSTON, DORDRECHT, LONDON, MOSCOW 




CD-ROM only available in print edition 
eBook ISBN: 0-306-48393-9 

Print ISBN: 1-4020-0965-8 



©2003 Kluwer Academic Publishers 

New York, Boston, Dordrecht, London, Moscow 

Print ©2001 Kluwer Academic Publishers 
Dordrecht 

All rights reserved 



No part of this eBook may be reproduced or transmitted in any form or by any means, electronic, 
mechanical, recording, or otherwise, without written consent from the Publisher 



Created in the United States of America 



Visit Kluwer Online at: 
and Kluwer's eBookstore at: 



http://kluweronline.com 

http://ebooks.kluweronline.com 




Alliance for Global Sustainability 



An International Partnership 

Alliance for Global Sustainability 
International Advisory Board 



Interim Chairman: 

Mr. Livio D. DeSimone, Chairman of the Board and CEO, 3M (Retired) 

AGS University Presidents: 

Prof. Olaf Kiibler, President, Swiss Federal Institute of Technology, Zurich 
Prof. Takeshi Sasaki, President, University of Tokyo 
Prof. Jan-Eric Sundgren, President, Chalmers University of Technology 
Dr. Charles M. Vest, President, Massachusetts Institute of Technology 
Members: 

Dr. Markus Bayegan, Technology and Research Director, ABB Ltd 

Dr. Thomas Conelly, Chief Science and Technology Offices, DuPont 

The Hon. President Jose-Maria Figueres Olsen, Managing Director, World Economic 

Forum 

Mr. Hiroaki Fujii, President, The lapan Foundation 

Mr. Hiroyuki Fujimura, Chairman of the Board, Ebara Corporation 

Mr. Lars Kann-Rasmussen, Director, VKR Holding A/S 

Dr. Jill Ker Conway, Chairman, Lend Lease Corporation 

Mr. Masatake Matsuda, Chairman, East lapan Railway Company 

Mr. Nohuya Minami, President, Tokyo Electric Power Company, Inc. 

Mr. Norio Wada, President, Nippon Telegraph and Telephone Corporation (NTT) 

Prof. Jakoh Niiesch, Member, International Committee of the Red Cross 

Mr. Dan Sten Olsson, CEO, Stena AB 

Dr. Fred Palensky, Executive Vice President, 3M 

Mr. Tei-ichi Sato, Director General, The lapan Society for the Promotion of Science 
Sir Nicholas V. (Nick) Scheele, Chief Operating Officer and Director Ford Motor 
Company 

Dr. Stephan Schmidheiny, President, Avina Foundation 
Prof. Francis Waldvogel, President, ETH Board, Switzerland 
Dr. Margot Wallstrom, Member of the European Commission 

Prof. Hiroyuki Yoshikawa, President, National Institute of Advanced Industrial Science 
and Technology 

Dr. Hans-Rudolf Zulliger, CEO, Gretag AG 



TABLE OF CONTENTS 



PREFACE ix 

1. IT'S NOT AS SIMPLE AS THAT... 1 

1.1. Identifying Interdependencies 1 

1 .2. Make it Better Next Time 2 

2. SYSTEMATICALLY IDENTIFYING WEAK POINTS 4 

2.1. The Search for Good Solutions Begins 4 

2.2. Combating Causes 5 

2.3. Planning Influences Costs and Environmental Impact 6 

2.4. Products have Different Phases in their Life Cycles 8 

2.5. Recognizing and Modeling the Product Life Cycle 12 

2.6. Identifying and Modeling Environmental Relations 17 

2.7. Environmental Impact Causes Environmental Problems 18 

2.8. Products from the Perspective of Environmental Management 2 1 

2.9. Establishing an Appropriate Product Characterization 22 

3. TARGETED IDENTIFICATION OF ECODESIGN-MEASURES 31 

3.1. Systematic Product Improvement 31 

3.2. The Concept for Basic ECODESIGN Knowledge 33 

3.3. ECODESIGN Aspects throughout the Product Life Cycle 37 

3.4. From ECODESIGN Aspects to ECODESIGN Guidelines 38 

3.5. Assigning ECODESIGN Guidelines to Objectives and Strategies 44 

3.6. Assigning ECODESIGN Strategies to Product Types 46 

3.7. Three Steps Toward ECODESIGN Product Improvement 56 

4. PREPARING ECODESIGN FOR PRODUCT DEVELOPMENT 65 

4.1. Core of a Methodological Approach to the Product 

Development Process 65 

4.2. General Way of Thinking in Product Development 66 

4.3. General Approach to Product Development 68 

4.4. Integrating ECODESIGN into Product Development 74 

5. EMBEDDING ECODESIGN IN ENVIRONMENTAL MANAGEMENT 78 

5.1. Relations between ECODESIGN and Environmental Management 79 

5.2. Integration of ECODESIGN into Environmental Management 82 

5.3. Will ECODESIGN Actually be Implemented? 87 

6. SUCCESSFUL INITIATION OF ECODESIGN PROJECTS 89 

6. 1 . Convincing Presentation of ECODESIGN Benefits 89 

6.2. Considering Critical Success Factors in Project Preparation 91 

6.3. Scheme of a Successful ECODESIGN Project 92 



REFERENCES 



97 




PREFACE 



Up to now, environmental policies have relied mainly on rules, regulations, and 
prohibitions. This kind of environmental policy — a clearly reactive approach - has 
shown a mounting array of limitations. There is a clear need to seek new solutions, 
in particular those involving the initiative of firms themselves. 

Since the mid-1980’s, a new approach called “environmental management” 
has been established in research and practical applications; it is designed to 
systematically integrate environmental considerations into company activities. If, for 
instance, environmental objectives are being formulated for an enterprise, it is 
imperative to identify, highlight, and analyze real and significant environmental 
impacts of the firm's activities and to take appropriate measures to improve its 
performance. Controlling and implementing these environmental objectives requires 
suitable structures, procedures, and tools. 

Many motivated companies have approached the issue of environmental 
management through incorporating methods such “continual improvement 
processes” and “Life Cycle Assessment” into the various operational activities of the 
enterprise. Some firms initiated such transformation processes at their own 
production sites because it was easier to identify their own environmental impacts 
than to analyze, let alone mitigate, the effects of upstream and downstream 
processes. However, in many cases these processes are decisive factors in the overall 
environmental performance of a product. It has become clear that product design can 
influence these processes to a great extent. 

Top managers are recognizing that environmentally aware product design 
gives manufacturers considerable control over the environmental performance of 
their products and firms. They are eager to learn when and where environmental 
impacts associated with their products do or might occur, whether through the use of 
raw materials, manufacture, distribution, use, or at the end of a product's life. The 
early stages of product development are especially decisive, because major changes 
in product design are still possible at this point. 

Designing environmentally sound products is a high profile entrepreneurial 
challenge. The objective of this book is to give all members of a firm some basic 
grounding in a detailed approach to the development of such projects, a process — 
and a perspective - the authors have called ECODESIGN. ECODESIGN criteria 
enable internal and external partners from various disciplines to work together in the 
search for new solutions. ECODESIGN projects involve highly complex, 
interdisciplinary questions and, for this reason, require a carefully designed 
approach and set of tools. 

The topic of design for the environment has been addressed in several 
projects sponsored by the Alliance for Global Sustainability (AGS). A preliminary 
study entitled “Decision Support for Planning Eco-Effective Product Systems” was 
conducted in 1997, followed by a major study in 1998-2000. A subsequent project 
entitled “Integrating Sustainability Aspects into First Steps of Product Innovation: 
Training Courses in Decision-Making and Planning” emphasized educational 
aspects. The project involved several departments of the ETHZ, EPFL, MIT, the 
University of Tokyo University, KTH Stockholm, and Vienna UT. The education 
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project prepared different ECODESIGN approaches and educational material 
including the ECODESIGN PILOT method developed by Wolfgang Wimmer, 
Vienna UT and Rainer Zust, ETHZ. 

Our experience with ECODESIGN, in both university teaching and 
commercial practice, is that people are increasingly interested in how to achieve 
environmentally sensitive product design. However, experience has also revealed 
weak points in the implementation of the principles. In many cases, the concept of 
ECODESIGN has not yet become quite clear, and potential benefits go unnoticed. 
The present book is structured to help everyone involved in product development 
identify and implement appropriate ECODESIGN strategies and to support decision 
making in the product development process. 

The book complements the ECODESIGN PILOT, which was developed by 
the Institute for Engineering Design at the Vienna University of Technology. PILOT 
is an acronym and stands for Product Innovation, Learning, and Optimization Tool. 
The development of this software tool on CD was commissioned by the Austrian 
Federal Ministry of Transport, Innovation and Technology. On this occasion, we 
would like to thank the Ministry for the permission to include the CD in the book. 

The ECODESIGN PILOT is available in three different media: The book 
introduces the theory and way of thinking concerning ECODESIGN. The CD 
provides aids for simple implementation of ECODESIGN. The internet offers 
additional information at: http://www.ecodesign.at/piIot. These interrelated sources 
will help managers and designers identify specific ways to improve their firms' 
products or to use in company training programs. 

When the authors met at the Design 2000 conference, we realized that our 
objectives were pretty much the same and decided to cooperate more closely with 
each other. One of the results was that Rainer Ziist taught as visiting professor at the 
Vienna University of Technology and Wolfgang Wimmer was involved in the AGS- 
education-project as well as in the AGS-summer-school) (Youth Environmental 
Summit: www.globalsustainability.org/education). At that time, a preliminary 
version of the ECODESIGN PILOT already existed and some companies had 
already tested it. It was in discussions about the new tool that we decided to write 
the present book as a companion to the CD. 

We would like to thank all those who have supported us in writing this 
book. We are especially indebted to AGS, especially Joanne Kauffman and Roger 
Baud, both from the AGS international office, for their support of the project and the 
book. We also thank the members of the ECODESIGN W3 project team for their 
commitment and inspiring contributions in the preparation and development of the 
ECODESIGN PILOT. Last but not least, we want to express our deep gratitude to 
friends and families for their encouragement and understanding, especially in the 
final phase of the project. 

Wolfgang Wimmer, Vienna, 

Rainer Ziist, Zurich 
August 2002 




1 IT’S NOT AS SIMPLE AS THAT.... 



"Our sheet metal processing is too expensive. We urgently need to take measures to 
reduce production costs.” This was the conclusion of the manager of a medium- 
sized enterprise at the end of a rather disappointing business year. 

The costs for sheet metal processing had indeed increased excessively during the 
previous business cycle. Material consumption - compared to output - had grown 
disproportionately, and the use of solvents had also shown a considerable increase in 
spite of improved environmental measures. The workforce had decreased only 
slightly though the plant had become highly automated. Why, then, were production 
costs still too high? 

Let's flash back to the previous year. At that time a major reorganization, called 
“Fit for the Future” was undertaken; all departments of the company were closely 
scrutinized. The project was designed to identify potentials for cost savings and to 
implement them as thoroughly as possible. Following this analysis, individual 
departments were presented with performance targets for cost reduction in the 
coming year. 

The study of the purchasing department revealed that the sheets bought from a 
nearby steelworks were considerably more expensive than offers from abroad. 
Therefore, it seemed reasonable to look for another supplier. 

The best offer came from a modern large-scale enterprise from overseas. The 
sheets were of excellent quality and the price was surprisingly low. Despite the long 
transit distance an evaluation of economic efficiency showed that sheets from this 
source would be substantially cheaper. 

The new sheets were coated with a special protective layer of fatty oils. They 
were - as required by the customer - free of rust after the long transportation by 
ship. However, the protective layer was badly soiled and foreign particles adhered to 
the surface. Immediate working of the sheets in the automatic punching and bending 
machines was out of question. While an additional cleaning cycle was necessary, it 
was not possible to degrease the 4 m by 3 m sheets in the existing cleaning plant. 
This installation was sized for finished parts, which were much smaller. The large 
sheets had to be cleaned by hand, a process that emitted solvent into the atmosphere. 
Other methods of treating the sheets failed, rendering the sheets rusty at delivery or 
requiring time- and cost-consuming cleaning. It was no longer possible to purchase 
the sheets from the original supplier: In the meantime the nearby steel works had 
abandoned the location because demand in the area was slack. 



1.1 Identifying Interdependencies 

It is perfectly plausible that despite all prognoses and performance targets, 
production costs during the disappointing year just concluded could not have been 
reduced at this plant. In addition, the situation had dramatically worsened from an 
ecological viewpoint. Long hauling distances and the additional cleaning of the 
sheets by means of highly volatile solvents had caused a severe negative impact on 
the environment. This approach was clearly a bad solution for economic as well as 
for ecological reasons — a poor example of "Eco-Design". 
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It is easy to explain this misjudgment: The company’s analysis of its situation, 
the synthesis of possible remedies, and the selection of a new solution was restricted 
to the issue of immediate costs. It did not involve any “life-cycle thinking”. 

Planners looked only at a small section of the production process. The effects of 
the new solution on up-stream and down-stream production stages were largely 
neglected. Furthermore, the search for a solution concentrated exclusively on a low 
purchase price. The decision made in the planning process caused changes in 
subsequent stages of manufacture (cf. Figure 1-1) that resulted in additional costs 
that were not recognized or considered. 




Figure l-l: Comparison of the Three Production Processes: Original, Planned, and 
Implemented Production Process 

The company’s analysis was obviously not comprehensive. It would have been 
possible to anticipate the ultimate economic consequences of the planned solution if 
an ecological perspective had been included in the analysts’ thinking. For example, 
even a mention of the possible effects of moist and salty sea air during transportation 
of the sheets might have triggered consideration of environmental impacts. As so 
often happens, one learns by experience. 

This example does not represent an isolated case. Time and again important 
aspects of problem analysis and the assessment of innovative solutions fail to be 
integrated into the problem-solving process. Such oversights yield results that are 
unsatisfactory for all involved, and, in the example presented above, also for the 
environment. 

1.2 Make it Better Next Time 

The implementation of ecologically and economically reasonable solutions requires 
meticulous planning. Planning should include the implementation of the right 
processes at the optimal moment. Crucial problems and promising strategies to solve 
them should be identified at an early stage in the planning. An ecologically sound 
product design - in this volume called ECODESIGN - involves the questions: 

What would be a reasonable approach to product development? 
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How can ecological and economic weak points of a product be systematically 
detected? 

How can product improvement in the sense of ECODESIGN be implemented? 
How can ECODESIGN be integrated into product development? 

How can ECODESIGN be firmly established in an enterprise? 

• What are the typical success factors for a promising ECODESIGN project? 

This book and the accompanying CD provide checklists and foils to use as work 
aids in answering these questions. Six chapters with short theoretical sections will 
convey the most essential topics. In the events set in the fictitious company 
presented above, the story has already begun... 




2 SYSTEMATICALLY IDENTIFYING WEAK POINTS 



Rudi Macher has been working in the company as the new line manager. His first 
job was to take immediate action to solve the problem in the sheet-processing 
department. He found a new, reliable, and ecology-minded supplier in a neighboring 
country who was able to deliver the sheets by rail within a short time and at a price 
within the required range. Because only a short time elapses between this supplier’s 
manufacture of the sheets and processing at the company, no protective coating is 
necessary. The time-consuming cleaning procedure needed for the sheets sourced 
overseas can be dropped. Production can be improved and streamlined as planned. 

The topic of ECODESIGN is very complex. Eor this reason, the authors decided 
not only to present the theory but also to ask certain questions that will give readers 
food for thought. We want to invite you to look critically at a given situation, and in 
doing so, find new solutions for your own field of activity. 

Eor this purpose, we have introduced a "commentator,” a personal partner who 
will address you directly and draw your attention to particular points of interest in 
the text. 

Dear Reader, I am your "Commentator": 

Did you notice how Rudi Macher, the new line manager, approached the 
problem? The problematic cleaning procedure has been dropped altogether. Rudi 
Macher did not try to render a fundamentally bad solution somewhat more efficient 
by, for example, using a more environmentally acceptable cleaning process. He 
looked for a more effective solution. By the way, fewer operations also mean shorter 
processing times, a "side effect" that has a positive influence on the market position 
of the enterprise. 

2 . 1 The Search for Good Solutions Begins 

A new problem has arisen in the field of plastics processing, which is also the 
responsibility of Rudi Macher. Costs for the disposal of plastic waste have increased 
since the last business year by more than 200 percent and reached a level of 
approximately € 30,000. “Way too much,” says the manager, "I'm sure there are 
more cost efficient methods of disposal. Mr. Macher, make sure that this item will 
be cut next year." 

Tina Balena, a trainee, has been working in the enterprise for a few days already. 
Her university studies included a six-month traineeship in the industry. In order to 
get used to the job and to get acquainted with the company she is assigned the task 
of finding more cost efficient ways for the disposal of plastic waste. In due course, 
she will work mainly on environmentally sound product design, i.e. ECODESIGN. 

Eirst, Tina Balena identified the individual material flows (cf. Figure 2-1). Here, 
she realized that of a total input of 161 tons of plastic granules only 52 tons went 
into the product. The remaining 109 tons became waste, mainly in the form of 
sprues and rejects, were usually discarded in an incineration plant. 
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Figure 2-1: Input-Output Model of Plastics Flow in the Production (in tons) 

As instructed, Tina Balena sought alternative means of disposal. The cheapest 
variant would be disposal as an energy source in a cement plant. The savings 
potential could be up to € 15,000 per year. 

What happened? 

Tina Balena has found cheaper possibilities for disposal. Is this an optimal 
solution? Do you know solutions that are better from an economic and from an 
ecological point of view? 



2.2 Combating Causes 

Tina Balena thinks about different measures, such as "avoiding sprues by adequate 
process control" or "returning the sprues into the process by means of recycling". 
However, these approaches do not comply with the original assignment. Tina Balena 
decides to bring up the issue in the next team meeting. 

The original task has not been formulated neutrally as to possible solutions. The 
method she had to use in reaching a given goal had already been predefined. Her 
perspective had been restricted from the outset. She was unable to consider 
alternative solutions, such as preventive measures to avoid waste. Tina Balena's next 
task is to analyze up-stream and down-stream steps in the production process. 

How has the scope of action been restricted? 

In situations like this, one should analyze what restrictions have been imposed, 
either consciously or unconsciously. In the course of such a discussion, analysis of 
the project may move to a level on which more comprehensive solutions will be 
taken into account. 

Tina Balena first talks to a process engineer in the enterprise to learn more about 
avoiding and recycling plastic waste. "We cannot avoid the spmes, and recycling 
them would never work. We would not be able to assure the high quality standard of 
the parts. Remember that these parts are used in electronic components ! " he said. 

Tina Balena did not accept this line of argument as sufficient to abandon the 
"recycling" option altogether. Subsequent discussions have shown that the plastic 
material used in the company was not optimal for recycling within the production 
process. However, slightly changing the composition of the material would 
drastically improve the feasibility of recycling it. 

Tina Balena noticed that the discussions only addressed the disposal costs for 
109 tons of waste. The expenditure for the procurement of this amount of material 
had never been mentioned. As the plastic used is of a very high quality she inquires 
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about the purchase price: The total amount of € 0.71 million at a price of € 6.50 per 
kg is rather high. 

She presents her findings and emphasizes the sizable saving potential. Her 
conclusions stimulate the company to begin an intensive search for new materials, 
and the production department conducts tests with a view to an internal recycling of 
the waste. After a short time, the tests are completed and the "recycling" option has 
been established. The annual demand for materials has been reduced from 161 tons 
of plastic to approximately 60 tons. An evaluation of economic efficiency has shown 
that the necessary investment for a plant to grind the sprues will be recouped within 
one year. There will no longer be any waste. 

Did you notice that the reorganization also required modifications outside the 
production process? 

It also required the cooperation of the design and development departments 
because it was necessary to change the characteristics of materials to realize major 
economic and ecological improvements in the production process. 

What do you think is the leverage of product development for economic and 
ecological improvements? What modifications bring about which results? 

2.3 Planning Influences Costs and Environmental Impact 

The ecological and economic impact of production is the consequence of conscious 
and unconscious decisions in product development. The selection of a certain 
material will inevitably narrow the range of possible production processes. In the 
example above the problem was related to the recyclability of materials. Actually, 
the developer or his superior was at least in part responsible for the large amount of 
waste from production. However, sometimes it is not easy to recognize such 
interrelations. 

The overall costs accruing during the life cycle of a product are, to a great extent, 
predefined in the process of product development. This phenomenon was first 
studied systematically at the end of the 1960's (Oppitz 1970). More recent 
investigations in the field of electrical appliances have shown that the proportion of 
costs predefined in development may reach as much as 90 to 95 percent if one takes 
into account the use and disposal phases of a product’s life. 




7 




Figure 2-2: Predefined and Accrued Costs in Electrical Appliances (Adapted from Ziist, 

Wagner 1992) 

Figure 2-2 shows only the costs accruing to the enterprise. At the use stage, this 
may also include costs for warranty work, and in the end-of-life phase, the costs for 
product take-back. The influence of product development on these factors is 
tremendous. Decisions made in product development have a considerable impact on 
the subsequent stages of product life (Figure 2-3). 




Fiure. 2-3: Great Influence of Product Development on Subsequent Stages of Product Life 

Did you realize that a major proportion of costs accrued by an enterprise for the 
manufacture, maintenance, and disposal of a product of products is predefined at the 
stage of product development? 

The ECODESIGN approach should contribute to improvements. 
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Excessive material inputs, as seen in the example of die-casting, brings about not 
only high costs but also a considerable negative impact on the environment. Raw 
material that later becomes waste must, of course, also be purchased. Furthermore, 
procurement itself also involves a certain amount of material and energy. 

Do ecology and economy go together? 

Ecology-oriented management of resources is often interesting from an 
economic point of view. Cost saving is a most convincing argument and a 
motivation to bring about changes - even against initial resistance. 

The need to differentiate between predefined costs, on the one hand, and accrued 
costs or environmental impact on the other will be demonstrated by the examples 
below: 

a) Building construction: Planning a building determines, for example, the type and 
thickness of insulation used in the building. Less insulation reduces building 
costs. At the time of use, however, there will be a higher energy demand for 
space heating on account of insufficient insulation. Energy consumption during 
use and the concomitant costs are thus predetermined, to a great extent, in the 
planning phase. At the use stage, the occupants may influence energy 
consumption only within a predefined range, for example by altering user 
behavior (e.g. lowering room temperature at night). 

b) Choosing a connecting technology: For quick and easy assembly of a product, 
the developers decide to use glued joints. This will cause time- and cost- 
consuming disassembly for subsequent maintenance, repair, or disposal or even 
make it impossible to separate and recycle materials. 

c) Procurement: A major company has a central purchasing department, which is 
responsible for the procurement of computers and other electronic appliances. 
Energy consumption could be one of the criteria for selecting machines, and 
decision makers could prefer those that use less power during operation. Given 
the large number of machines this would yield a considerable saving potential. 

Do you realize that it is necessary to broaden the perspective and to look at the 
whole product life cycle? 

It is not enough to pick out a single phase of the life cycle and to improve it 
individually. 

2.4 Products have Dijferent Phases in their Life Cycles 

The first step is product development. This phase comprises market research, the 
development of concepts, and decisions regarding the shape of the product. The 
results of the product development process include, for example, set-up diagrams, 
work piece drawings, lists of parts, and schedules. Once the products are 
manufactured, transported to the site of use, and utilized, they are refurbished and 
reused, recycled, or discarded (Figure 2-4). 
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Figure 2-4: Five Phases of the Product Life Cycle 

Figure 2-4 shows the whole product life cycle. In this book we describe it as a 
process of resource transformation with the following stages: 

• Extraction of raw material: The first step consists of providing the requisite 
materials and energy. This is usually done by extraction and conversion of 
natural resources. For example, prior to steel production, iron ore has to be 
extracted; the production of plastics requires crude oil. 

• Manufacture: Subsequently, products will be manufactured from these raw 
materials (e.g., sheet metal, plastic granules) by means of specific processes 
(punching, die casting). This stage also requires adequate operating material such 
as machine tools, automatic assembly machines, and transportation systems as 
well as process and auxiliary materials. 

• Distribution: After manufacture the product has to be transported to the location 
where it will be used. More often than not the product will change from one 
owner to another. The manufacturer now has only a limited influence on the 
mode of utilization. 

• Use: During the use stage, additional consumption of energy and materials may 
accrue. Emissions, effluents, and waste will be generated. In addition, 
maintenance and repair work may be done, which will prolong the useful life of 
the product and/or improve its operating condition. 

• End of life: When the product is not used anymore, we have reached the end-of- 
life stage. The obsolete product can be disposed of in different ways or become a 
resource itself — subsequently integrated into manufacturing or utilization 
processes through reuse or recycling'. 

An ecologically sound solution prevails if all stages of the product life cycle have 
been considered and optimized as a whole. This approach is called “Life Cycle 
Engineering" (cf. Alting, Legarth 1995), "Life Cycle Thinking", or "Product Life 
Cycle Management". 

Life cycle thinking presupposes that all auxiliary processes necessary for the 
flawless operation of products should be taken into consideration. From this 
perspective, an isolated product becomes a comprehensive product system that one 
can evaluate and optimize as a whole. 

Products do not always go through the stages described above in a linear way or 
in a predefined sequence. Within or for instance between the life cycles planned 
(e.g. servicing during use) or accidental (e.g. repair work) cycles may occur. Four 
examples are given below: 



' The guideline VDI 2243 speaks of "reuse" when the structure of the product or components 
is not destroyed and of "recycling" when the structure is destroyed. There is also a distinction 
between reusing the product or parts of the product for the same purpose or for another 
purpose. 




10 



Repair and maintenance cycle: 

During the phase of utilization the product will have to he serviced several times. If 
it is necessary, worn or defective parts will be replaced, so that the product can 
fulfill its functions (Figure 2-5). Typical examples are airplanes, cars, and washing 
machines. 




Figure 2-5: Use Stage with Repair and Service Cycle 
Recycling Processes: 

During the manufacture, use and end-of-life phases, the waste products, defective 
parts, and assemblies, or else the product itself could be integrated into the cycle 
(Figure 2-6). 




Figure 2-6: Recycling Cycles (Adapted from VDI 2243) 
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In planning and implementing recycling one might question how far this “closing of 
cycles" is reasonable from an economic and ecological point of view, because the 
collection and processing of potential recycling materials may create new 
environmental problems. 

Typical examples of established or already realized material cycles include the 
collecting of used metal, glass, and paper. 

Reverse manufacturing systems: 

The special thing about "reverse manufacturing systems" is that after use, the 
product is disassembled into its components, thoroughly checked, if necessary 
refurbished, or repaired and finally returned to its original use (Figure 2-7). 




Typical examples are photo cameras in which the film and the camera body form a 
functional unit and are sold to the customer as such. The customer does not buy a 
camera but rather the possibility of taking snapshots. As the exposed film has to be 
returned together with the body, the camera remains the property of the company. 
This makes it easier to plan and implement the logistics for redistribution, 
disassembly, and refurbishing. 

Upgrading: 

Existing products are usually refurbished in a maintenance or repair cycle, and, on 
this occasion, the functionality of the product is upgraded. This extension of 
function is particularly easy if the product has a modular structure (Figure 2-8). 





Examples of upgrading can be found in computer science as well as in photocopiers. 

We can see that the product life cycle described in Figure 2-4 does not show a 
linear sequence of individual stages, but consists partly of cycles itself. These should 
be taken into account in product development, and developers should always 
consider the product life cycle in its entirety. 

Where do you think the problems lie in practice? 

Difficulties usually arise because cross-disciplinary working groups must jointly 
develop feasible models within the scope of planning and decision processes (cf. 
Luttropp, Ziist 1998). Understanding the system described here enables product 
developers to anticipate a possible environmental impact of their products and 
services in good time. 



2.5 Recognizing and Modeling the Product Life Cycle 

In order to identify the crucial weak points in a product’s life and to assess potential 
improvement strategies, specific analyses must be carried out. It is usually rather 
simple for an enterprise to determine the consumption of energy and material at the 
site of production. The classic instruments and processes of business management 
will be used to ascertain input and output values. At the site of use, however, the 
environmental impact may be much more significant than at the production site. 

Difficulties for planners and decision makers derive from the fact that they have 
to imagine the individual phases of the life cycle in advance and to forecast their 
influence on costs and potential impact on the environment. This is why, at the 
beginning of innovation projects, the key question often is how to deal with the 
essential weak points using ajustifiable input for that task. 
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Tina Balena is highly motivated. Her traineeship has been successful so far. The 
sizable cost savings through recycling of production waste in injection molding have 
considerably increased the acceptance of environmental issues among the staff of 
the company. The prejudice that ecology-related measures only cause increasing 
costs and do not afford economic improvements has been clearly been refuted in this 
case. 

Over the weekend, Tina Balena goes to see her parents again. Her parents and 
their other two children live in a one-family home in the countryside. As it turns out, 
the parents have to buy a new washing machine; the old one has been used for more 
than 20 years, and repairs occur increasingly often. Operating costs have increased 
accordingly. Therefore, Tina Balena's parents have obtained brochures from 
different suppliers. Prices range from € 500 to € 2,000, i.e. they differ by more than 
four factors. 

Tina Balena realizes there is an analogy between her parents’ choosing among 
the washing machine and the injection molding project in “her" company. At first, 
planning considered only one stage of the life cycle (disposal) and neglected the 
aspect of optimizing the manufacturing process. Decision making in buying a 
washing machine should take into account a life cycle perspective, i.e. include the 
use stage. After all, each washing cycle consumes a certain amount of water, 
detergent, and electrical energy. This also costs money and should, therefore, be 
considered in the calculation of overall costs. 

Have you ever thought about how much water or energy your washing machine 
consumes at the use stage considering its whole life cycle? What are the 
accompanying costs? 

A glance at the brochures shows that there are differences in consumption 
characteristics. Expensive machines tend to consume less water and electricity per 
washing cycle. Tina starts her calculations: 

• In a first step, she determines function and a measuring basis. She chooses 
"washing laundry” for function and a certain number of "standard washing 
cycles" as a measuring basis, i.e. washing five kg of dirty laundry at 60°C. 

• In a further step, Tina takes a closer look at the use stage. In order to fulfill the 
function of "washing laundry", a washing machine also needs water, detergent, 
and energy. In addition, the washing process generates waste heat, noise, and 
vibrations. The output consists - apart from clean, wet laundry - of wastewater 
(Figure 2-9). 
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Figure 2-9: "Washing Ixiundry" During Use Stage, Described as Qualitative Input-Output 

Model 

• In the next step, Tina Balena quantifies the individual parameters. A first 
uncertainty arises in estimating the number of washing cycles. If used rarely (e.g. 
one washing cycle per week for a single household) the machine runs through 
approximately 1,000 cycles, while intensive use (e.g. two washing cycles per day 
for a larger household) may well result in some 10,000 cycles during the 
machine's service life. 

Are you aware that you have to take these different use scenarios into account when 
interpreting your results? 

Considerable differences may occur - in the present case by as much as a factor 
of 10! 

• Tina Balena estimates the specific input and output data for washing machine A. 
Its purchase price is € 2,000; washing five kg of laundry consumes 
approximately 50 1 of water, 1 kWh ofelectric current, and 50 g detergent. On the 
output side, there are five kg clean (wet) laundry and approximately 50 1 
wastewater (Figure 2-10). 
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Figure 2-10: "Washing Laundry" During Use Stage, Described as Quantitative Input-Output 

Model 
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• Calculations for washing machine A, intensive use, yields the costs per washing 
cycle shown in Figure 2-11. 



Washing machine A 




(Intensive use) 




Purchase price 


2000 € 


Water consumption per washing cycle 


501 


Energy consumption per washing cycle 


1,0 kWh 


Detergent per washing cycle 


50 g 


Washing cycles per year 


600 (2 times on workdays) 


Service life 


16 years 


Washing cycles, total 


9600 


Servicing per year 


60 € 


Portion purchase price 


0,21 € 


Portion servicing 


0,10€ 


Costs of water 


0,15 € 


Costs of electricity 


0,15 € 


Costs of detergent 


0,13 € 


Costs per washing cycle 


0,74 € 


Unit prices: 




Costs per m^ water 


3,0 € 


Costs per kWh electricity 


0,15 € 


Costs of detergent 


2,50 € 


Figure 2-11: Costs of Washing Machine A 


• Then, Tina evaluates washing machine B, which is a cheap model, and calculates 


the costs for a less intensive use pattern. The purchase price is € 500; washing 


five kg of dirty laundry consumes approx. 70 1 water, 1.2 kWh electricity, and 50 


g detergent. The resulting costs can be 


seen in Figure 2-12. 


Washing machine B 




(Less intensive use) 




Purchase price 


500 € 


Water consumption per washing cycle 


701 


Energy consumption per washing cycle 


1,2 kWh 


Detergent per washing cycle 


50 g 


Washing cycles per year 


50 (2 times on workdays) 


Service life 


20 years 


Washing cycles, total 


1000 


Servicing per year 


20 € 


Portion purchase price 


0,50 € 


Portion servicing 


0,40 € 


Costs of water 


0,21 € 


Costs of electricity 


0,18€ 
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Costs of detergent 0, 1 3 € 

Costs per washing cycle 1.42 € 

Unit prices: 

Costs per water 3,0 € 

Costs per kWh electricity 0, 1 5 € 

Costs of detergent 2,50 € 



Figure 2-12: Costs of washing machine B 

• A comparison shows that while the purchase price for washing machine A is four 
times that of machine B, the costs per washing cycle are only half (when used 
intensively). 

Did you expect this outcome? 

Obviously, the costs per washing cycle depend largely on the use scenario. For 
machine A the washing process is a determining cost factor, while for machine B the 
purchase price per washing cycle and servicing are the relevant factors. 

Depending on the intensity of use, economic considerations will favor different 
choices. Now, Tina varies the number of washing cycles and concludes: 

• The impact of costs per washing cycle increases with the intensity of use because 
additional operating costs accrue with each cycle. The other cost factors become 
less important. 

• If the product is used but rarely, i.e. if the number of service units is small, the 
costs accruing before and after use (fixed costs) can be divided by only a few use 
cycles. Consequently, fixed costs are an essential factor - unless overall 
operating costs are several times higher. 

Given the size of the household of four persons, the Balenas most likely will 
continue to make intensive use of the washing machine and decide to purchase the 
more expensive model, which affords more efficient washing cycles. 

What Tina did was to calculate the specific costs per service unit. Only this sort 
of approach makes the crucial cost factors visible; this is an important prerequisite 
for the implementation of changes and improvements at the right points. 

A manufacturer of washing machines could use still another approach. Instead of 
selling the washing machine, he could sell "only" the service (washing laundry). He 
would remain the owner of the machine and maintain it with a view to cost efficient 
operation. Saving on resources input at the use stage will increase the profit of his 
operation. Thus, the manufacturer of washing machines and supplier of the service 
"washing" has a genuine interest in owning energy efficient and ecologically 
superior machines. 

For this purpose, the machines should have a modular structure that will 
facilitate maintenance and adapt functions to changing needs. The company's 
strategy would not be to maximize production and sales, but rather to realize an 
economic and ecological optimization of the washing cycles. This business model is 
also called "performance contracting". Performance is already being widely used in 
the field of energy supply for larger major operations. Manufacturers of sensors and 
control units for lighting systems, space heating, and air conditioning systems own 
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and operate the whole installation, and the user pays only for the provided service as 
laid down in the contract. This is how economy and ecology can be reconciled. 

2.6 Identifying and Modeling Environmental Relations 

Sunday evening, Tina Balena said goodbye to her parents and set out to return home. 
She knew the journey by train already by heart, and she had already read the 
Saturday paper. Somewhat bored, she looked out of the window, thoughts 
wandering through her mind. After a short while, she began to revisit the washing 
machine choices. The purchase decision was dominated mainly by financial 
considerations. While the family did consider all phases of product life — from 
manufacture to use to disposal — ecological aspects had not really been taken into 
account. 

Now, Tina tries to apply the considerations used in the calculation of the costs 
per service unit analogically to an ecological assessment. For this purpose she draws 
up a rough life cycle model: 

Extraction of raw materials: Prior to manufacture, raw materials have to be 
extracted and energy has to be provided. 

Manufacture: With raw materials and energy provided, a certain number of 
washing machines will be produced. 

Distribution: Subsequently, the washing machines are transported to the 
customers and users, sometimes using an intermediate network of distributors. 
Use: The fourth life cycle, i.e. the use stage, also consumes material resources 
(water, detergent) and energy. Repair and service cycles may also occur at this 
stage. 

Disposal: At the end of the product’s life and after a certain number of washing 
cycles the washing machine has to be disposed of. Some parts and components 
may be returned to a new use cycle. 

Tina represents these relations in a formula she calls “Environmental Formula of 
Life Cycle Thinking" (Figure 2-13): 



hv - (Jrm + + It)/ « + /{/+ I el/ n 

Notation: 

• Isu = overall environmental impact per service unit 

• n = number of service units 

• Irm = environmental impact through extraction of raw materials 

• Im = environmental impact during manufacture 

• It = environmental impact through transportation 

• lu = environmental impact per service unit at use stage 

• Iel = environmental impact at the end of life of the product 



Figure 2-13: Environmental Formula of Life Cycle Thinking 

The same considerations as before apply here as well. If the product is used 
intensively, i.e. n is high, the environmental impact resulting from one service unit 
becomes more important. If, however, the product is used only rarely, the 
environmental impact generated before and after the use stage is more important. 
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Therefore, in the case of the washing machines it is the number of service units 
that needs closer inspection and an environmental impact evaluation. 

Tina Balena wonders how she could visualize environmental impacts and how 
they could be evaluated. She extends the input-output model and adds an "ecological 
dimension" (Figure 2-14): 
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Figure 2-14: Input-Output Model including Relations to Ecological Environment (Caduff, 

Ziist 1996) 

In addition to the energy and material flows, direct extraction of resources from 
the environment must be taken into account on the input side. On the output side one 
has to consider unwanted flows as well as the desired product. These may be divided 
into waste products and emissions. While emissions are output flows that directly 
interact with the environment, waste products undergo further processes, which, in 
turn, also cause ecological impacts. 



2.7 Environmental Impact Causes Environmental Problems 

Environmental impacts cause different ecological problems depending on the pre- 
existing enrichment of noxious substances in a given environment, as the examples 
below will show: 

a) Phosphates: The discharge of phosphates into a river with a low flow rate or with 
a high concentration of pollutants may aggravate problems due to over- 
fertilization. Even small additional loads may cause severe ecological damage. A 
different situation prevails if the river has a high flow rate and low pollutant 
concentration. In this case, an identical amount of phosphate discharge is 
relatively harmless; the ecosystem will be able to cope with it. 

In the first scenario, the discharge of phosphates causes a significant 
environmental impact. The effects will be visible and noticeable locally or even 
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regionally. In the second scenario, phosphate discharge will not cause any 
significant impact. 

h) CO 2 emissions: Combustion processes create CO 2 emissions. These gases 
reinforce - according to present scientific research - the greenhouse effect. As 
the greenhouse effect constitutes a global problem, additional emission of CO 2 
will definitely have an effect on the environment, 
c) Heavy metals: Heavy metals are present in the emissions of waste incineration 
plants. One of the reasons is that some people discard products containing heavy 
metals, such as batteries or electronic appliances, together with normal garbage. 
As heavy metals are not passively dispersed over large distances local 
enrichment will occnr. Additional emissions of these substances - even of small 
quantities - will cause environmental damage. 

Thus, any environmental impact may be characterized by the problems it causes and 
by its geographical distribution (Figure 2-15). 



Environmental Impact 


Environmental Problem 


Geographical Distribution 


CH 4 , CO 2 


greenhouse effect 


global 


CFC's, halons 


ozone depletion 


global 


SO 2 , NH 3 


over-acidity 


local, regional 


NH 3 , P 


eutrophication 


local, regional 


Noise 


noise pollution 


local 



Figure 2-15: Correlation Between Environmental Impact, Environmental Problem, and 
Geographical Distribution (cf. Goedkoop 1995) 



In an environment-oriented analysis it is, therefore, highly important to 
understand when and where environmental impacts occur and what sort of 
ecological problems they may cause. In practical work, the question is how to 
evaluate the various environmental impacts. 

Tina Balena is aware of this fact and tries to draw a network highlighting the 
relation between environmental impact and potential environmental problems 
caused by the activities of the company (Figure 2-16). The arrows represent 
influences, and the two short strokes across the arrows express the time lag between 
the cause and effect of an influence. 
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Figure 2-16: Relation between Environmental Impact and Potential Environmental Problems 

(adapted from Ziist 1998b) 
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A company should be aware of the environmental impacts it causes and of the 
resulting environmental problems that may occur. If these impacts are forecast at the 
planning and decision-making stage, the firm is taking a proactive approach, 
fostering genuine preventive environmental protection. 

Tina Balena also discerns the possibility that external stakeholders may become 
aware of a firm’s environmental impact. If, for example, the company released 
poisonous substances into the village creek, causing a local fish kill, the various 
stakeholders would surely take notice. This would precipitate — in addition to 
criminal proceedings — citizens' protests, and negative headlines. Therefore, Tina 
extends her sketch (Figure 2-17). 
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Figure 2-17: Two Variants of Ecology-Oriented Requirements for Product Development (Ziist 

1998b) 



Have you realized that the shorter of the two cycles in Figure 2-17 results in 
proactive environmental management? 

In the figure, this approach is represented with more substantial arrows. The 
enterprise is aware of the environmental impacts and possible problems caused by 
its products and processes and tries to find comprehensive ecological solutions. 

At the weekly team meeting, Tina Balena shows Rudi Macher the results of her 
considerations. It is obvious that the company's activities are influenced by two 
factors: stakeholders' demands, on the one hand, and the in-house identification of 
weak points on the other. This situation calls for a simple explanation of the various 
different systems of objectives, and also demonstrates that two different measuring 
systems are necessary. 
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2.8 Products from the Perspective of Environmental Management 

Tina Balena is intrigued by the questions addressed so far and she has also 
successfully carried out her tasks. Saving on resources invariably yielded ecological 
as well as economic improvements. Her proactive attitude is appreciated by the 
company staff. 

Rudi Macher returns from a rather demanding weekend during whichhe attended 
a closed meeting called by top management. Among other things, the managers 
decided to implement an environmental management system according to ISO 
14001 within the next twelve months because their major customers have been 
demanding improved environmental awareness as well as the relevant certificates 
from their suppliers. 

Rudi Macher, in his capacity as line manager, is in charge of environmental 
impacts in the field of production. He knows, though, that an environmental 
management system has to consider both processes and products. Consequently, he 
talks to the people in product development and proposes that Tina Balena take on 
the job of working out product-related environmental issues. He is convinced that 
Tina, with her training in environment sciences, could contribute valuable input to 
the issue of environmental management. He has also realized that different 
perspectives bring about not only more comprehensive analyses but a broader array 
of solutions. 

Tina Balena is given the task of finding ways to improve the environmental 
performance of the company's products in accordance with the international ISO 
14001 standard, “Environmental Management Systems". In other words, the focus of 
Tina's work is on ECODESIGN. However, her task is not limited to creating a better 
design for isolated products; her objective is to identify an appropriate framework 
for ecological evaluation. If ecology was to become an integral part of the 
company's philosophy, it should be an important consideration in product 
development. 

In her studies Tina Balena has already delved into the issues of environmental 
management and environmental management systems. She intends to use the 
principle of "Life Cycle Thinking" as a basis for the improvement of products and to 
carry out an ecology-oriented evaluation. This requires not only a visualization of 
the input and output flows but also an assessment of the environmental impacts in 
practice. 

Rudi Macher proposes the following approach: Tina is to tackle the task in five 
steps (Figure 2-18): 

1. Tina’s first step is to prepare the “ECODESIGN" project; some preliminary work 
has already been done. 

2. The second step will consist of analyzing typical products as well as existing 
ecological balances of existing products and in comparing the results with 
findings in literature with the goal of presenting an ecological characterization of 
products. 

3. In the third step, Tina will collect all findings and existing knowledge on 
ECODESIGN in a database. The product characteristics established in step two 
will form a basis for the development of an intelligent access mechanism. 

4. Tina's next task will be to integrate the ECODESIGN tool into the present 
product development process. 
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5. Finally, Tina will highlight the implications of her research for the proposed 
environmental management system. Her goal is to find a method to integrate the 
new improved product development process permanently into the activities of 
the company. 
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Figure 2-J8: Schedule for Tina Balena's Traineeship with Milestones: Preparation of Project 

Completed 

With the above considerations identified, most of the preparatory work for the 
ECODESIGN project has already been completed. Milestone 1 of Eigure 2-18 has 
been reached. 

2.9 Establishing an Appropriate Product Characterization 

Now, Tina Balena begins the second phase of her work. According to the ISO 14001 
standard, the planning process has to include an analysis of the environmental 
impacts caused by the enterprise. The standard refers to ''significant environmental 
aspects" . Identifying environmental weak points in one's own production processes 
forms the basis for the definition of goals and of programs within the scope of an 
environmental management system. 



^ Note on the definition of "environmental aspect": ISO 14001 defines an environmental 
aspect as "element of an organization ’s activities, products or services that can interact with 
the environment". A significant environmental aspect is an environmental aspect that "has or 
can have a significant environmental impact". This implies that such an analysis comprises 
both the collection of data on the actual situation and a future-oriented analysis. 
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In the context of ECODESIGN the identification of company-specific 
environmental impacts that have or could have an important effect on the 
environment is of crucial importance. This assessment requires detailed information 
and an in-depth understanding of the company's activities, products, and services as 
well as of ecology. Information must be developed about where and when what type 
of environmental impact occurs. Ideally, the results are represented in input-output 
models (cf. Figure 2-19). 
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Figure 2-19: Itemization of the Company's Activities, Products, and Services and their 
Interrelation with the Ecological Environment (Adapted from Ziist 1998a) 

Environment-specific information, i.e. knowledge of the specific environmental 
problems of the regions involved, is indispensable. The question is: What are the 
existing environmental problems and where do they occur? Answers will be found 
in regional and national reports available from the relevant environmental protection 
authorities. The reports provide information about existing local, regional, and, 
sometimes global environmental problems. The international standard ISO 14031 
("Environmental Performance Evaluation”) addresses so-called "Environmental 
Condition Indicators”, i.e. ecology-oriented indicators describing the condition of a 
given environment. The set of indicators is a valuable tool in identifying "significant 
environmental aspects”. 

The next step for an enterprise will then be to ascertain what company-specific 
environmental impacts will contribute to or aggravate pre-existing environmental 
problems. How much does the company contribute to these environmental 
problems? 

How would you approach the task of identifying and analyzing the prevailing 
interrelations with the environment? 

The statement "flues are discharging pollutants into the environment" will 
definitely not be sufficient. The discharge could consist of just hot air, CO 2 , and 
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NOx, hydrocarbons or of a combination of these and other substances. The specific 
impact will vary, depending on the type of substance released into the environment. 
Referring to the representation of ecology-related input-output flows, the ISO 14040 
("Life Cycle Assessment") speaks of "elementary flows". These elementary flows, 
such as NOx, CO 2 , and CFC's have to be identified and evaluated with a view to 
their environmental relevance. 

In the context of "significant environmental aspects”, one must also mention 
critical and hazardous substances. It is possible that the company uses only small 
quantities of such substances and that they are discharged into the environment, 
either directly via waste disposal or — with a certain time lag — contained in 
products. This sort of environmental impact remains undetected if analysis takes into 
account only major material and energy flows. 

Tina Balena begins with a search of the literature. She is looking for examples of 
products for which environmental performance has already been assessed. Two 
examples are presented below. 

Flushing Box 

The first example is drawn from an enterprise producing sanitary ware. Its products 
include drainpipes, fittings, complete assemblies for washbasins and bathtub drains, 
and toilet flushing boxes as well as mounting aids. Figure 2-20 shows the ecological 
assessment of a type of toilet flushing box that is widespread in Austria, Germany, 
and Switzerland. 
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Figure 2-20: Relative Environmental Impacts of a Flushing Box (Data from Gerber 1997 as 

published in Frei, 7Mst 1998) 

In order to fulfill its function — "flushing"— the box must be supplied with water. If 
need be, the water must be treated before it is fed through pipes and into the box. 
This usually requires energy, which also has to be accounted for when assessing the 
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environmental performance of the flushing box. Figure 2-20 shows the results of 
analysis, not including the purification plant^. Figure 2-20 shows that: 

• At least 95 percent of the overall environmental impact of the flushing box 
occurs during the use stage (energy consumption for water supply). 

• Environmental impact through extraction of raw materials, manufacture, 
distribution, and end of life is low or even negligible. 

Knowing these facts, how would you improve the product? What targets would you 
define for product development? 

The analysis suggests that measures reducing the environmental impact during 
use should have the highest priority. Therefore, design should concentrate on an 
improved flushing device for the next generation of flushing boxes. Now, product 
developers know where and how to improve the product. 

With these results in mind, the company developed a flushing box with a saver 
device; two different flush buttons enable the user to determine the amount of water 
used for flushing. The flushing box is not a mere technical product, but a "socio- 
technicaf one. It requires interaction from the user; technology has been designed in 
such a way as to support the ''right” user behavior. 

It was easy to communicate the benefit to customers. The user may reduce water 
consumption and, consequently, costs. Given a price of € 3 per m^ water, savings for 
a household amount to € 50 to € 100 annually. 

What knowledge of technology do you have? 

Product development goes far beyond the field of technology. User behavior has 
a decisive influence on the environmental performance of a product. This 
recognition builds a merely technical contemplation of problems into a sociological- 
technical way of looking upon things. 

Cable 

The second example explores the relative environmental impacts of different types 
of cable for different forms of use. Some investigators tested stationary power and 
signal cables such as telephone and electricity cables in buildings. Another group 
tested cables that are frequently moved over long distances during use. Such 
applications can be found in cars, railroad coaches, and airplanes. Figure 2-21 shows 
a summary of the results of these investigations. 



3 Note on the ecology-oriented performance evaluation: The standards of the ISO 14000 
group also contain standards referring to an ecology-oriented evaluation. It comprises the 
standards family ISO 14040 on "Eco-balances" (ISO 14040, ISO 14041, ISO 14042, ISO 
14043). The authors of these standards took great care to work out transparent definitions in 
order to preclude misuse of inadequate or false environmental balances for the purpose of 
advertising or for political decisions. An interesting introduction can be found in ISO 14040 - 
“Principles and Framework” .Further valuable information is included in ISO 14031 - 
“Environmental Performance Evaluation" (on process-oriented evaluation) (ISO14031) and 
in the discussion of “environmental performance evaluation” (Cadujf 1998). 
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Figure 2-21: Relative Environmental Impacts of Different Types of Cable and Different 
Forms of Use (Data from Seipelt 1998 as published in Frei 1999) 

Here, too, results show considerable differences: 

• Products such as signal cables cause significant environmental impacts in the 
extraction of raw materials, manufacture, and distribution. Losses in transfer of 
signals are low. This result seems plausible as the cable transfers information, 
not energy. 

• It is the other way round with power cables. At the use stage, losses due to ohmic 
resistance are significant. Environmental impact caused by the extraction of raw 
materials, manufacture, and disposal at the end of life is rather insignificant. 

• The third scenario refers to cables installed in vehicles, cables that, by definition, 
will have to be moved regularly. The cable contributes to the overall mass of the 
vehicle and has to be accelerated and decelerated frequently with the vehicle. 
The additional mass causes increased energy consumption. 

The findings drawn from Figure 2-21 will enable product developers to 
implement various environmental improvements: 
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Stationary signaling cable*: Stationary signal cables should be designed in such a 
way that the overall environmental impact is minimized. In practice, this could be 
realized by choosing alternative materials, by reducing the amount of material used, 
and/or by using more efficient manufacturing processes. 

Stationary power cables: In this case the potential for improvement lies primarily in 
the use phase. A reduction of transmission losses without increasing voltage could 
be realized by either increasing the cross section of the cable or by choosing other 
materials. In practice, however, increasing the cross section seems to be the only 
feasible method. 

Moveable power cables: The crucial point in this scenario is mass. Lightweight or 
miniaturized components could afford a considerable improvement. In this case, the 
essential point is to reduce the mass of electricity cables, i.e. the conductors, even if 
this causes greater transmission losses. 

Are you aware that oversimplified and general solutions may lead in the wrong 
direction? 

The examples discussed above show that similar products require rather different 
solutions depending on the intended use. In one case, it is sensible to reduce the 
weight of the product, while in the other case this approach would be absolutely 
wrong. 

Tina Balena has completed her literary research. She noticed that different 
products show different characteristics (cf. Figure 2-22). 



* Note on “use ” / “moveable ”: Products are characterized as “moveable ” if they have to be 
regularly accelerated and decelerated during use. 
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Figure 2-22: Different Product Characteristics 

Tina’s research showed that many products have very clear characteristics, showing 
that their maximum relative environmental impact is concentrated at one specific 
stage of the product life cycle. The toilet tank has its maximum impact at the use 
stage. 

It seems obvious that products cause different impacts during their life cycles. A 
product that causes the main impact at the use stage has to be improved by measures 
other than those for a product that causes the greatest impact in manufacture. Each 
product requires specific measures for the improvement of its environmental 
performance. Using these considerations, Tina Balena has created a theoretical basis 
for the classification of products into "basic types". Each basic type corresponds to 
the specific stage of the product life cycle at which it causes its major environmental 
impact at only one stage of the product life (Eigure 2-22). Just as there are five 
phases of the life cycle there are five basic types. 

• Basic type A: Raw-material-intensive product 

The greatest environmental impact is caused in providing the materials contained 
in the product. Consumption of energy and raw materials needed for the 
manufacture of the product exceeds consumption of resources in the subsequent 
phases of the life cycle. Typical products include computers, low-power 
electrical appliances, and aluminum facade elements. 
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• Basic type B: Manufacture-intensive product 

Processing raw materials during manufacture causes the greatest relative 
environmental impact. Consumption of energy and materials in manufacture 
determine, to a large extent, the overall environmental impact of the product. 
Typical products include office furniture, tables, and painted or hardened 
products. 

• Basic type C: Transportation-intensive product 

The overall environmental impact is largely determined by distribution. The 
environmental performance of the product is greatly influenced by transportation 
and packaging. Typical products include heavy products with lavish packaging 
that are, in addition, hauled over long distances. 

• Basic type D: Use-intensive product 

Environmental impacts in the use phase dominate the overall environmental 
impact of the product. Consumption of energy and/or materials or the generation 
of waste during use largely defines the environmental performance of the 
(active) product. Typical products include intensively used dishwashers and 
washing machines. 

• Basic Type E: Disposal-intensive product 

The overall environmental impact is determined mainly by the form of disposal 
at the end of the product's life (recycling, incineration, dumping). The greatest 
environmental impact is caused by products containing substances that are 
difficult or dangerous to dispose of. Typical products include batteries, 
capacitors, and appliances with hazardous substances. 

These five basic types may also occur in combined forms, which might be called 
"mixed types". 

Tina Balena decides to use these product characteristics for a targeted search of 
strategies and solutions. This completes the second step of Tina's project 
(Figure 2-23). 
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Figure 2-23: Schedule for Tina Balena's Traineeship: Development of Product 
Characteristics Completed 





3 TARGETED IDENTIEICATION OE ECODESIGN 

MEASURES 



This chapter deals with the further development of Life Cycle Thinking and the 
search for potential product improvements. The point is to determine which 
measures have the greatest leverage in ecology-oriented upgrades. The first step is to 
identify the phases in the product life cycle at which the most significant 
environmental impacts occur. The next step is to develop ECODESIGN strategies 
and to adapt appropriate ECODESIGN measures to manufacture a concrete product. 

The ECODESIGN PILOT was developed as an aid for the realization of these 
goals. The tool can be found on the CD accompanying this book. The present 
chapter will teach how to work with the CD and will give a step-by-step introduction 
to the ECODESIGN PILOT. PILOT is an acronym that stands for "Product 
Innovation Learning and Optimization Tool". The book presents the various 
contents using the same structure as the CD. 

In addition to the ECODESIGN information in the book and on the CD the 
Austrian ECODESIGN information platform on the internet at 
http://www.ecodesign.at/pilot offers further information and important 
supplementary remarks on the PILOT. These include: 

• an online version of the PILOT with electronic checklists, which will be updated 
regularly; 

• an interactive assistant that will help in choosing an appropriate improvement 
strategy; 

• a communication platform for questions and discussions concerning the PILOT; 
and 

• a compilation of examples of PILOT applications in concrete products, 

Three different media have been coordinated to assist in using the ECODESIGN 
PILOT: 

1. The present book with the requisite basic knowledge; 

2. The CD with fundamentals of ECODESIGN and practice-oriented working aids; 
and 

3. The internet platform with supplementary information, links, and tools. 

3.1 Systematic Product Improvement 

Tina Balena's godchild will soon celebrate her fourth birthday and is to receive a 
useful birthday present. Spring is just around the corner and the child's mother told 
Tina that a new pair of shoes would be a good idea; the child loves to romp around 
outdoors and has again outgrown her "old" shoes. 

While strolling through the shopping mall, Tina Balena muses that it should be 
an easy task to establish ECODESIGN criteria for a thing as simple as children's 
shoes. The shoes should comply with these principles, which could also serve as a 
basis for her purchase decision. In fact, it seems possible to generalize and extend 
these criteria. 
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Tina is fascinated by this thought. She has still 20 days until the birthday, so she 
stops shopping and goes to a coffee shop instead. There, she begins to write down 
ECODESIGN requirements for the five life cycle phases of a child's shoe. 

Why don't you have a look at your shoes; how are they designed? What are the 
materials used? How, where, and under what conditions were they manufactured? 
Are they comfortable? What are you going to do with your shoes when you don't 
want them anymore? 

You can ask these questions for any of the various products you use every day. 

While brainstorming, Tina Balena becomes so absorbed in her analysis that she does 
not notice that two elderly ladies have been watching her for some time. They are 
amazed that Tina has taken off one of her shoes and appears to be exploring it with 
great interest. 

Tina Balena draws up a preliminary list of possible ECODESIGN requirements 
for a child's shoe (Eigure 3-1): 



Extraction of raw materials: 


Materials should be as natural and 
environmentally sound as possible. 


Manufacture: 


Tanning of the leather should use natural 
processes (e.g. avoiding chlorine-based 
processes). 


Distribution: 


Hauling distances to the customer/user should be 
short. Packaging should be minimized. 


Use: 


The shoe should look nice and be equipped with 
a non-slip sole. It should feature an ergonomic 
shape and enable the child to (learn to) walk 
easily. 


End of life: 


The conflicting givens of a short use phase 
(children grow fast) and a long service life 
(effective use of resources) should be reconciled 
as far as possible. 

The shoe should be recyclable. 



Figure 3-1: Preliminary List of Possible ECODESIGN Requirements fora Children's Shoe 

Tina did a goodjob, didn't she? She examined the five phases of the product life of a 
children's shoe and formulated possible ECODESIGN requirements. Does your list 
look similar; did you find more or fewer aspects? 

Tina's itemization is just a preliminary compilation of possible requirements. It is 
neither complete nor has it been weighted. Moreover, the ECODESIGN 
requirements for a child’s shoe are rather different from the requirements for an 
adult's shoe. The reason lies in the fact that children's shoes are designed for a long 
product life but are used for a relatively short time. 

Tina Balena is enthusiastic about her list. The same evening, she searches the 
Internet for "ecological", i.e. environmentally sound, shoes that are already on the 
market. And, indeed, she makes a strike. The ECODESIGN information platform 
(http://www.ecodesign.at) provides a link to "Golden Gate", an Austrian 
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manufacturer offering children's shoes, which are produced in accordance with 
ECODESIGN criteria and which won an award in the Austrian ECODESIGN 
contest (Ecodesign 1996) (cf. Figure 3-2). 



ECODESIGN children s shoe 

I am a multi-generation children's shoe, my inner sole is exchangeable and can be 
renewed. I have enough space for sensitive children's feet to develop properly. I can 
be reused should I become "ttx) small" one day. 




Manufactured from natural materials 
(natural latex, cork) "without 
chemicals"; 

Regional leather, treated without the 
use of PCP- or salt pre-treatment; 

Little waste through optimized cutting 
of the leather; 

Tanned with purely vegetal 
substances; 

Made for durability and easy care; 
Handmade and easy to repair; 
Ergonomic design with generous toe 
area; 

Reusable, with exchangeable inner 
sole. 



Figure 3-2: ECODESIGN Multi Generation Children's Shoe hy Golden Gate 
( htto://www.eoldeneate.at/) 

The next day Tina meets Rudi Macher in the office and presents her 
considerations drawn from the "shoe" example. She shows him the guidelines she 
has found for the individual phases of the product life cycle (Figures 3-1 and 3-2). 
The ensuing lively discussion of how to identify ECODESIGN measures for product 
development results in the following questions: 

• What are the ECODESIGN aspects along the whole life cycle of the product? 

• What ECODESIGN guidelines can be attributed to which aspect? 

• How could general ECODESIGN guidelines be formulated (not aiming at a 
concrete product)? 

• What would be an appropriate search mechanism, providing access to all the 
ECODESIGN information? 

Good ideas are much in demand here. 

3.2 The Concept for Basic ECODESIGN Knowledge 

Tina Balena and Rudi Macher think about the most efficient approach to the first 
two questions. They decide to make use of know how within the company. 
Consequently, Rudi Macher decides to organize a joint workshop ten days hence 
involving the staff of the various special departments. The introductory 
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presentations of the participants' individual expectations already reveal that there are 
different opinions and views on the "ECODESIGN Tool". Here are some examples: 

• The product developers anticipate additional restrictions and delays. They would, 
however, appreciate a tool supporting them in the product development process. 
They consider the identification of concrete targets and guidelines based on 
ECODESIGN principle to be an important first step. 

Is this criticismjustified or do you think it was just an excuse? 

The concerns brought forth by the department are justified because a product 
developer has to take into account many different requirements in a product 
(Luttopp 2000). ECODESIGN is just one among many other aspects. This comment 
gives Tina the insight that she will have to have another good look at the product 
development process. In addition, she must ensure that the tool is easy to handle for 
the product developer and his team. 

• One representative from marketing proposes that the ECODESIGN measures 
realized in the product should be well documented so that these distinctive 
features can be communicated to the customer. This has not been done so far. 

What about this proposal? 

It is important that competent personnel communicate the ECODESIGN 
principles to customers. For instance, generalized customer demands for 
ECODESIGN products must be looked at critically. A general request for 
ECODESIGN features may not be reasonable or feasible in every context. For this 
reason, marketing needs comprehensive information and convincing arguments. 
Therefore, Tina Balena has to ensure that the marketing staff is well grounded in 
basic ECODESIGN knowledge. 

• Another objection referred to ECODESIGN measures as a cure-all. Why, for 
instance, should a "prolonged service life" be reasonable in all contexts? Each 
unique product must be assessed with a view to its relative environmental impact 
before specific ECODESIGN measures can be identified. Long service life may 
not be an appropriate goal for every thing. 

Tina Balena opens the workshop with a brainstorming session which she hopes 
will inspire the cooperation of all participants. The measures — still unstructured — 
should also serve as a basis for further discussion. She asks the participants to 
indicate possible ECODESIGN guidelines and presents the proposals on a flipchart 
(Figure 3-3). 




Figure 3-3: Brainslonning on ECODFSICN Guidelines 

The participants are astonished at the great number of different measures the 
group was able to find. The product developers point to the fact that many of the 
measures are important from perspectives other than ECODESIGN alone. A 
participant from the purchasing department says that he likes the idea of using less 
material in the product. He considers this a promising cost factor. 

The participants realize that the crucial point is not simply to recognize 
environment-related measures, to define and put them on paper, but also to cultivate 
a holistic environmental perspective, which might reveal many additional synergies 
and benefits. Such unanticipated benefits could be a powerful motivation to adopt 
this point of view. 

A first, the group is unsure whether it will be possible to structure the confusing 
array of ECODESIGN guidelines. In an effort to organize the ideas, Tina Balena 
demonstrates how to connect this knowledge to the five stages of the product life 
cycle. In a first step she will assign ECODESIGN aspects to each phase, and to 
assign guidelines to each of these aspects. Tina had already marked in some of the 
aspects in preparation for the workshop (Figure 3-4). 
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Figure 3-4: First Draft of Possible ECODESIGN Aspects 

The participants like the proposal; together, they try to complete the picture. 

In the next round Tina Balena asks the participants to assign the individual 
ECODESIGN guidelines, some of which had already been mentioned in the 
brainstorming session, to the different aspects (Figure 3-5). 




Figure 3-5: First Draft of a Structured Body of Basic Knowledge with Guidelines. Stage: End 

of Life, Aspect: Disassembly 

As basic ECODESIGN knowledge should ultimately become a tool for product 
developers, the second part of the workshop gathered ideas and possibilities for a 
search mechanism. Their objective to identify potential ECODESIGN guidelines 
and select the most promising one. 

Time is running out, so Tina can give only a brief outline of the basic idea. She 
intends to enter the discussion using the basic types as defined in the second part of 
her project and then find the appropriate guidelines. The short discussion shows that 
the participants consider the approach via basic types to be reasonable. The question 
remains, however, how a product developer can define a basic type in the first place. 
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Tina Balena makes a mental note of this issue; she will take up this thought again 
when the group discusses the implementation of ECODESIGN. After the workshop 
Tina Balena and Rudi Macher meet briefly; both are contented with the course and 
the results of the event. Also, Rudi Macher is satisfied that the topic of 
ECODESIGN now has broader backing in the company. Tina Balena's next task will 
be to fine-tune the concept, to complete the contents of the basic knowledge, and to 
develop an efficient access mechanism. 



3.3 ECODESIGN Aspects throughout the Product Life Cycle 

The first approach identified all the aspects that are directly or indirectly related to 
environmentally sound product design. A complete list of these aspects can be found 
in Table 3-1. It will help, at a later stage, to distribute various ECODESIGN 
measures along the product life cycle. 

Table. 3-1: ECODESIGN Aspects throughout the Product Life Cycle 



Life Cycle 


ECODESIGN Aspects 


Raw Material 


Type of material 
Amount of material 
Origin of material 


Manufacture 


Production technology 

Energy demand for production 

Auxiliary and process materials for production 

Production waste and emissions 

External parts and components 

Assembly 


Distribution 


Packaging of product 
Transportation of product 


Use 


Functionality of product 
Service life 

User behavior at use stage 

Product ergonomics 

Environmental safety at use stage 

Energy demand during operation 

Auxiliary and process materials during operation 

General Conditions of use 

Waste /emissions during use 

Maintenance of the product 

Repair of the product 


End of life 


Product take back 
Disassembly 

Refurbishing of the product 

Re-use of parts 

Recycling of material 

Disposal of unusable parts of the product 



Each aspect has two features: First, each is environmentally relevant; 
second, it lies in the extended strategic sphere of influence of product development. 
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The differentiation between environmentally relevant and other aspects is important 
because product development has to take many different aspects into account. All of 
these are then translated into requirements for product development; concrete 
measures are identified and finally implemented in the product. The aspects and 
requirements going beyond ECODESIGN will not be addressed here. Aspects that 
do have environmental implication, but lie outside the strategic sphere of influence 
of product development, cannot be included in this compilation. 

Are you aware that the boundary between aspects relevant only to environmental 
issues and those lyingjust beyond it is rather difficult to define? 

Measures that fall just beyond the scope of environmental relevance are 
considered only for other reasons, at best. This can be shown using the example of 
safety. In principle, we may distinguish between operational safety, workplace 
safety, and environmental safety. The compilation of ECODESIGN guidelines 
below considers the aspect of environmental safety exclusively, not because 
operational and workplace safety are unimportant but because these aspects have to 
be dealt with anyway for other than environmental reasons. 



3.4 From ECODESIGN Aspects to ECODESIGN Guidelines 

Now we can refine the list of environmental aspects by assigning detailed 
ECODESIGN guidelines to each of the aspects. The section below demonstrates 
how the guidelines were formulated, what elements they consist of, and how Tina 
organized the basic knowledge. 

Did you already insert the CD and start the ECODESIGN PILOT? 

Concerning the explanations below, it is important that you refer to the CD, look 
for the topics discussed in the book, and thus get acquainted with the PILOT. The 
screenshots in the book will help you to find your way through the PILOT. 

The compilation of guidelines in the ECODESIGN PILOT was preceded 
by comprehensive literary research and surveys among experts (Wimmer 2001b). 
Preliminary work (Wimmer 1999a-c) and practical experience from ECODESIGN 
projects were also integrated. The CD presents the complete body of guidelines, 
which can be accessed via three different structures (cf. Figure 3-6). 

Product Life Development 



A 



Improvement 




Figure 3-6: The Three Main Modes of Access to the ECODESIGN PILOT and Logos to 

Facilitate Navigation 
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The three modes of access support the user in different ways: 

• Product life: This access for learners demonstrates, in particular, the mutual 
interdependencies between the individual guidelines. 

• Development: This access targets the implementation of ECODESIGN in the 
design of new products and will be presented in chapter 4. 

• Improvement: This access addresses re-design, i.e. the improvement of an 

already existing product. Strategy-oriented checklists are to support the user in 
product improvement. There is also the opportunity to directly access the 
Internet from the CD for further information. 

The heading of each page of the ECODESIGN PILOT has the same features. 

Depending on the access chosen, the screen will show, in addition to the heading, a 

logo and the corresponding active cards (Eigure 3-7). 



ECODESIGN 


MOTI N ‘ 




1 1 


PRODUCT UFt 1 DEVELOPMEN' | fMPR.JVEMEUI I 


PILOT 


® ▲ C 








Product Life 



Figure 3-7: ECODESIGN PILOT Navigaiion Bur (the Cards "Product Life" and "Learning" 

Are Active) 

Great care was taken to find the right wording and structuring of the guidelines, 
so that all aspects were represented in an equally detailed form. The authors did not 
want to present any of the aspects too superficially, but they also wanted to simplify 
the presentation so that the general validity of the guidelines would not be obscured 
by to many details. 

There is also a uniform description of the guidelines, always comprising the 
same six elements. These were prepared as information pages in the basic 
knowledge part and as checklists in the application part of the PILOT. This approach 
is designed to enhance the learning process and, at the same time, to support 
implementation in the product. 

The elements of each guideline ("What has to be done?") are: 

• Environmental Background: What does this guideline have to do with the 
environment? 

• Example: What would be a possible implementation of this guideline? 

• Interdependence: Where do contradictory or synergistic relations with other 
guidelines lie? 

• Additional Information: Where can I find additional information concerning 
this guideline on the internet? 

• Assessment Question: How can I check on the implementation of this 
guideline? 

• Additional Questions: What else do I have to observe in the assessment? 

Table 3-2 explains the principle and shows the six descriptive elements for the 
guideline "Minimize time and paths for disassembly". 
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Table 3.2: The Six De.%cripuve Elements of on ECODESIGN Guideline in the PILOT 



Environmental 

background 


As disassembly accounts for a great part of recycling costs it is 
imperative to minimize work input at this stage. Thus, 
minimizing time for disassembly is a prerequisite for the 
recyclability of parts and components. In mo.st cases, this will 
also reduce assembly time for the product. Therefore, paths for 
(dis) assembly should be minimized, connections should be 
easily detachable, etc. 


Example 
















Interdependence 


• Reuse refurbished parts and components 

• Ensure easy access to connecting parts 

• Design product structure for easy disas.sembly (uniform 
directionality for assembly and disassembly work) 

• Use easily detachable connections 

• Ensure easily visible access to connections for disassembly 


Additional 

information 


httD://w'ww'.ccodesian. at/tonics/ 


Asses.sment 

question 


Has the time input for disassembling the product been 
minimized by short paths, uniform directionality, and by 
reducing the diversity of connecting parts? 


Additional 

questions 


What is the time necessary for disassembling the product? What 
is the potential for .savings, and how can it be implemented by 
adequate product design? 



Of these six descriptive elements, Environmental background and Example 
are used for each guideline for the "basic knowledge" pages. An exception can be 
found on the "basic knowledge" pages, access "Product life", which also features 
"Interdependence" (cf. Figure 3-8) and the access "Improvement", which also 
features a link to Additional information on the Internet. 
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Disassembly 

Product Life <- End of life <- 



Design product structure for easy disassembly (uniform 
directionality for assembly and disassembly work) 
[interdependence] 

Disassembly ekccounts for a great part of recydif)g costs. A clear ar>d easily understandable 
structure ensures easy disassembly ar>d thus reduces wor1( input and costs. Uniform 
directionality for assembly arxJ disassembly will also provide for ease of sorting structural 
compor>ents and optimize assembly work. 



Minimize time and paths for disassembly [interdependence] 




As disassembly accounts for a great part of recycling costs it is imperative to minimize work 
input for this stage. Thus, minimizing time for disassembly is a prerequisite for the recyclability of 
parts and components. In most cases, this will also r^uce assembly time for the product. 
Therefore, paths for (dis)assembly should be minimized, connections should be easily 
detachable, etc. 




Use easily detachable connections [interdependence] 

Easily detachable connections (also after end of life!) reduce time consuming disassembly work. 
In addition, nondestructive disassembly is a prerequisite for the recycling or reuse of structural 
parts. If parts are damaged during disassembly only the material can be recycled; however, on 
account of the destruction of the matehal's structure this alternative yields less value than direct 
reuse of parts. 



Figure 3-8: Detail of an ECODESIGN PILOT "Basic Knowledge" Page (Access Product 

Life) 



Indicating the Interdependencies between the individual guidelines (access Product 
Life) supports the learning process and will help the user identify the various 
relations along and across the life cycle of a product. 

Of course, all measures defined in product development are somehow related. 
There are measures that reinforce the effect of other measures; however, there are 
also measures that may mitigate or even counteract the effect of certain measures. It 
is the task of product development to find an optimal compromise for each measure, 
so that all requirements laid down in the product specification can be fulfilled. A 
product's specification might contain the requirements "Material saving - minimize 
material input" and "Aim at sturdy design". Fulfilling both requirements could bring 
about a conflict of targets, as sturdiness may require more material input, not less. 
There are, of course, also measures with synergistic effects. 

To prevent this compilation of possible ECODESIGN guidelines from being 
reduced to a simple itemization, i.e. to mere information, we introduced the 
Interdependencies, which highlight the mutual relations between guidelines. For 
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each guideline we indicated five others closely related to it whether the effect is 
reinforcing or mitigating. This is to ensure that a possible transfer of the 
environmental impact from one product life cycle to another can be recognized and 
avoided in time. Figure 3-9 shows an example of the interdependencies of a 
guideline. 



ECODESIGN 


MOTIVATION 1 ONUNE | 


1 PfIOOUCT un 1 DEVELOPMENT I IMPROVEMENT 


PILOT 


O O 


^ l£afn mHii 



Design product structure for easy disassembly (uniform 
directionality for assembly and disassembly work) 

Product Life <- End of life <- Disassembly <- 



Environmental background 







Disassembly accounts for a great part of recycling costs. A dear 
and easily understandable structure ensures easy disassembly 
and thus reduces worlc input and costs. Uniform directionality for 
assembly and disassembly will also provide for ease of sorting 
structural components and optimize assembly work. 



Interdependence 

• Reuse refurbished parts and components 

• Ensure simple assembly through hierarchical 
structure of product 

• Ensure reversibility of assembly procedure 

• Ensure self-explanatory structure or provide for 
instruction for repair on product 

• Ensure simple extraction of harmful and valuable 
substances 



Figure 3-9: Example of a Guideline with Corresponding Interdependencies 

Did you realize that the process of sorting and structuring information, i.e. the 
generation of knowledge concerning the topic of ECODESIGN has already begun? 

The possible measures have been prepared systematically and put into relation to 
each other. A process towards the depiction of knowledge and the representation of 
interrelations has been initiated. However, this process will go on, as the section 
below will show. 

The application part of the PILOT features a compilation of working aids in 
the form of checklists to help the user in the implementation of ECODESIGN. The 
structure of the checklists looks as follows: Of the six elements indicated in Table 3- 
2 the checklists use the Example, the Assessment Question and the Additional 
Question for each guideline. The Assessment Question serves to check on the 
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fulfillment of the guideline, while the Additional Questions cover further potential 
problems. Figure 3-10 shows an example of a checklist. 



ECODESIGN 

PILOT 



Disassembly 

Product Life <- End of life <- 



MOTIVATION ONUNE 










Print checklist - Assessment of the product 

Product 



Does the product design ensure uniform directionality for assembly and 
disassembly, and does it provide for ease of disassembly? 



What measures would make 
disassembly easier? What is the 
optimum directionality for assembly 
and disassembly? 



Weighting (W) 


Assessment (A) 


Priority (P) 


1 0 very important ( 10 ) 
! o less important ( 5 ) 

; o not relevant ( 0 ) 


o yes ( 1 ) 
o rather yes ( 2 ) 
o rather no (3 ) 
0 no ( 4 ) 


F 


' 

= W* A 





Measure 


Design product structure for easy disassembly (uniform 
directionality for assembly and disassembly work) 






implementation 

risk 


^ o because 




Action 


, o at once Responsibility 

:0 later 

. o never Deadline 



Has the time input for disassembling the product been minimized by short 
paths, uniform directionality, and by reducing the diversity of connecting parts? 




What is the tin>e input necessary for 
disassembling the product? What is 
the potential for savings. ar>d how can 
it be implemented by adequate 
product design? 



Weighting (W) 


Assessment (A) 


Priority (P) 


: O very important ( 10 ) i 
; o less important ( 5 ) ' 
• o not relevant ( 0 ) 


1 0 yes ( 1 ) 

[ o rather yes ( 2 ) 
; o rather no { 3 ) 
i o no ( 4 ) 


P 


■- WA 





Figure 3-!0: Detail of an ECODESIGN PILOT Checklist 



Tina Balena has been sitting in the library for four days now. She has 
already found a large selection of interesting literature. Her list of possible 
ECODESIGN guidelines has grown rather long, and she thinks that it is almost 
"finished". It is clear to her that this list can never be completed if it is to be 
universally valid and does not refer to a concrete product. 

Eor reasons of clarity she organized the ECODESIGN guidelines along the 
product life cycle. She decides to bring her literary research to an end because she 
keeps finding the same measures again and again. Tina's search on the internet did 
not reveal any fundamentally new findings though in some special fields there was 
more detailed information. This, however, was not what she was really looking for, 
as the measures should have the same degree of abstraction - i.e. they should not be 
too general, nor too abstract. 
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The further preparation of the comprehensive body of information worries Tina 
quite a lot. She thinks, in particular, of the workshop participants' demand for simple 
application and maximum leverage for improvement. 



3.5 Assigning ECODESIGN Guidelines to Objectives and Strategies 

Tina Balena left the office early because she was invited to her godchild's birthday 
that evening. On her way to the party she thought about the organization of the 
ECODESIGN guidelines. Wouldn't it be possible to categorize them by topics - 
maybe by grouping together everything that has to do with material, waste, energy, 
etc.? 

Her godchild adored the birthday present and tried her new shoes on at once. As 
Tina and the child played together with marionettes, which hang on strings and can 
be moved rather accurately, an idea came to Tina's mind: That's it! The "invisible 
strings", i.e. the superordinate interrelations in the ECODESIGN basic knowledge 
have to be identified. She had found the solution! 

Tina’s insight was that the ECODESIGN guidelines are mutually connected by 
invisible strings that criss-cross the entire product life cycle. Guidelines addressing 
the end-of-life phase, for instance, are connected to guidelines aiming at 
manufacture. In practice, this means that one has to consider certain things already 
at the stage of manufacture, in order to prevent problems at the end-of-life phase of 
the product - or even benefit from the advantages. Now, it would be interesting to 
represent and designate thejunctions where the different strings come together. 

How would you connect the individual guidelines with each other? Do you have an 
idea what seems suitable? 

In general, actors in planning and decision processes first analyze an existing 
situation and only afterwards define appropriate goals for future solutions. They start 
from a specific system of goals and, subsequently, develop appropriate guidelines. 

Tina Balena realizes that she could also apply this approach and assign the 
measures and guidelines she has identified so far to ECODESIGN goals and 
strategies. Her plan is to assign a cluster of different guidelines to each of the 
objectives and strategies. Her next task is to define individual, independent goals 
and to unequivocally assign specific guidelines to them. Each guideline should 
precisely refer to one goal and, therefore, be present in only one strategy. Multiple 
linking is not admissible. 

Tina Balena starts her search of goals and strategies aiming at possible product 
improvements based on ECODESIGN, always keeping in mind the application of 
the ECODESIGN PILOT in practical work. The task is to define specific goals for a 
concrete product and to use targeted strategies to achieve these goals. 

Tina recalled the first part of her project when she had to classify existing 
products in terms of their ecological aspects. On this occasion she realized that 
identical products may cause different environmental impacts depending on the 
scenario in which they are used (cf. Eigure 2-23). For this reason, product 
improvement requires differentiated strategies. 

Tina Balena draws up a list comprised of the following independent 
ECODESIGN strategies together with ECODESIGN goals for product 
improvement: 
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• Targeted selection of materials: 

Reduction of negative environmental impacts through the use of environmentally 
friendly materials, recycled materials, renewable raw materials, etc. 

• Reduction of material input: 

Reduction of requisite amount of material through design for optimum of 
strength, integration of functions, etc. 

• Reduction of energy consumption in manufacture: 

Reduction of energy consumption in manufacture through renewable sources of 
energy, optimum process design, etc. 

• Optimization of type and amount of auxiliary and process materials in 
manufacture: 

Reduction of negative environmental impacts by using process materials in 
production (closed cycles) 

• Avoiding waste in manufacture: 

Increasing material efficiency through sorting and recycling of waste, etc. 

• Environmentally friendly procurement of external parts: 

Environmentally sound purchase of product parts 

• Reduction of packaging: 

Optimization of packaging through selection of materials, renewability, closed 
cycles, etc. 

• Reduction of need for transportation: 

Reduction of transportation for environmentally sound product design 

• Simplification of handling through new use scenarios: 

Improved handling of products through adaptability, ergonomics, short set-up 
time, etc. 

• Optimization of the product's functionality: 

Improved functionality through up-grading, multiple functions, etc. 

• Prolongation of product life time: 

Appropriate product life time through sizing, surface design, etc. 

• Ensuring high environmental safety: 

Minimization of potential environmental risks 

• Reduction of consumption of resources at use stage: 

Reduction of consumption of energy, and of process and auxiliary materials 
required at use stage 

• Waste prevention at nse stage: 

Using principles of action aiming at waste prevention 

• Eacilitation of maintenance: 

Improving ease of maintenance through wear indicators, wear control, etc. 

• Improvement of reparahility: 

Improvement of accessibility, disassembly, interchangeability, etc. 

• Facilitation of disassembly: 

Ensuring ease of disassembly through appropriate structural design, connections, 
etc. 

• Reuse of parts of the product: 

Improvement of accessibility of parts, components, providing for overmeasure 
(additional material), labeling, etc. 
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• Recycling of materials: 

Ensuring recycling through extraction of valuable substances, separability, 
labeling, etc. 

Tina succeeded in assigning each guideline to a certain strategy, thus 
establishing unequivocal correlations. Each strategy may contain guidelines 
belonging to different phases of the product life. 

You might wonder why we differentiate between the terms guidelines and measures. 
Are you aware of the difference? 

A measure in a given context is rather comprehensive and general. A guideline, 
however, describes what is considered reasonable and useful for a concrete product. 
A measure embeds a guideline in an organizational framework, indicates responsible 
actors, and establishes deadlines for implementation. 

A complete list of all strategies including the corresponding guidelines is available 
in the form of checklists for product improvement in the ECODESIGN PILOT 
under the heading "Improvement" (cf. Figure 3-7). 

Now you will ask yourself what strategy is appropriate for your product. 

The next section in this book will support you in selecting an appropriate 
strategy. 

Here is another hint: There is an interactive support for the selection of a strategy 
in the online part of the ECODESIGN PILOT at the internet address: 
http://www.ecodesign.at/pilot . There you will find an assistant programmed to ask 
questions on different product characteristics and to fathom out the available leeway 
for product improvement; it will then propose suitable strategies for product 
improvement. This assistant is an important addition to the considerations in the 
present book and also helps with the implementation aids on the CD. 



3.6 Assigning ECODESIGN Strategies to Product Types 

Tina Balena presents the results in to a large group of company staff. The audience 
welcomes the further development and the rounding off of ideas previously 
generated at the workshop and the conclusive compilation of ECODESIGN 
guidelines to form feasible ECODESIGN strategies. 

In the discussion following the presentation one staff member asks whether he 
should from this point on take all goals, e.g. “increasing product life” and “material 
saving” to the same degree in developing a product. He states that two contradictory 
if not mutually exclusive measures would have to be implemented in order to 
achieve the individual goals. In short, it would be possible to realize goal A or goal 
B, but never both goals at the same time. 

At first, Tina is somewhat irritated by the statement, but then she remembers the 
considerations she applied to the assessment of different washing machines. She 
uses them to explain that the choice of a certain strategy will, of course, depend on 
the type of product. Tina realizes that it is necessary to have an assisting tool for 
decision making in the selection of a strategy. She promises to compose a proposal 
for the next meeting. 
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Do you remember the examples in the section "Life Cycle Thinking", at the 
beginning of the book? 

The section discussed the basics of the consumption of natural materials and 
environmental impacts. The question always boils down to "Which of the possible 
strategies has to be selected for product development?" Improving a washing 
machine which must provide 10,000 washing cycles will require strategies different 
from those used to improve a piece of furniture, which does not consume energy or 
material at the use stage. In the case of the washing machine it is the washing 
process that has to be improved (increased efficiency, an alternative process, etc.). 
With furniture the possibilities for improvement lie in other fields, i.e. “use of raw 
materials” (type, amount of materials), “manufacture” (production process), 
“distribution” (transportation), and “end of life” (disassembly, recycling). 



The subdivision of products into basic types facilitates the selection of an 
appropriate strategy. 

Basic type A - Raw-Material-Intensive Produet: 

Maximum environmental impact of a product belonging to basic type A is caused by 
the use of raw materials. Consumption of energy and material needed for the 
processing of raw materials contained in the product clearly exceeds the 
environmental impacts occurring in the subsequent phases of the life cycle. The 
characteristics of a type A product is shown in Figure 3-11. 
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Figure 3-1 1: Basic Type A: Significant Environmental Impact through Use of Raw Materials 

Basic type A products cause a considerable environmental impact through 
the extraction of raw materials. Manufacture and distribution as well as end of life 
also cause environmental impacts. These, however, are rather insignificant 
compared to impacts caused by the extraction of raw materials. Some factors 
indicative of raw-material-intensive product type A: 
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• The product contains a considerable proportion of resource-intensive materials, 
such as primary aluminum, high-alloy steel, copper, nickel, carbon fiber, etc. 

• At present, it is not possible to disassemble and reuse/recycle parts of the product 
containing resource-intensive materials. 

• The manufacture of the product does not yet involve the use of recycled 
materials, renewable raw materials, or refurbished parts. 

• The product contains resource-intensive materials, but is used only for a short 
period of time. 

At this point, we would like to introduce a new term: Improvement Objective. An 
improvement objective roughly describes the path towards product improvement. 
An improvement objective may be related to several different strategies. It is used to 
assess whether a product may be modified. The basic type serves to identify the 
requirements from an environmental perspective, while the improvement objective 
identifies and adapts approaches that are feasible for a concrete product. 

With type A products, for instance, the fundamental question will be whether 
one should use alternative material or less of the same material; if one should use the 
materials more intensively or for a longer period of time; or if it is possible to reuse 
materials. In many cases, some of the improvement objectives cannot be applied at 
all; in such cases, it is not necessary to deal with the corresponding strategies. 

For basic type A products the following improvement objectives and strategies 
may be applied (Table 3-3): 

Table. 3-3: Improvement Objective.^ and ECODESIGN Strategies for Type A Products 
(Source: ECODESIGN PILOT, Access Improvement) 



Basic Type A - Raw Material Intensive Product 



Improvement Objectives 


ECODESIGN Strategies 


Use alternative materials 


Selecting the right materials 
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Reducing material inputs 


Make intensive use of resources 


Optimizing product use 
Optimizing product functionality 
Improving maintenance 


Use resources as long as possible 


Increasing product durability 
Improving reparability 


Reuse materials contained in the product 


Improving disassembly 
Reuse of product parts 
Recycling of materials 
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Basic Type B - Manufacture-Intensive Product: 

The major environmental impacts of type B products result from processing raw 
materials in the manufacture stage. These impacts are the results of the provision of 
energy and materials for manufacture as well as emissions and the consumption of 
resources required by the production process. The characteristics of a type B product 
are shown in Figure 3-11. 
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Figure 3-12: Basic Type B: Significant Environmental Impact through Manufacture 

Type B products contain parts and assemblies manufactured in energy- 
intensive processes, such as foundry and hardening, or processes involving intensive 
use of process materials, such as cleaning or coating. In addition, type B products 
may contain parts and assemblies that involve many individual production stages or 
that are manufactured on different sites, requiring a lot of transportation. 

Some characteristics of manufacture-intensive product type B: 

• Manufacture of the product is rather energy consuming. 

• Manufacture causes a considerable amount of process waste, wastewater, or 
exhaust fumes. 

• Manufacture involves large quantities of process and auxiliary materials. 

• Manufacture involves environmentally harmful processes and auxiliary 
materials. 

• Manufacture is resource-intensive, but the product is used only for a short period 
of time. 

• The product contains parts or components hauled over long distances. 

For basic type B products the following improvement objectives and strategies may 
be applied (Table 3-4): 
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Table 3-4: Improvement Objectives and ECODESIGN Strategies for Type B 
Products (Source: ECODESIGN PILOT Access Improvement) 



Basic Type B - Manufacture Intensive Product 



Improvement Objectives 


ECODESIGN Strategies 


Use less energy and material in the 
production process 


Reducing energy consumption in the 
production process 

Optimizing type and amount of process 
materials 


More efficient use of materials used in the 
production process 


Avoiding waste in the production 
process 


Purchase of external materials 

/components 


Ecological procurement of external 
components 


Use the product as intensively as possible 


Optimizing product use 
Optimizing product functionality 
Improving maintenance 


Use the product for a long period of time 


Increasing product durability 
Improving reparability 


Reuse components and/or the products 


Improving disassembly 
Reuse of product parts 



Basic Type C - Transportation-Intensive Product: 

In basic type C, transportation (from the production site to the site of use) and 
packaging are the determining factors for the overall environmental performance of 
the product. The characteristics of a type C product are shown in Figure 3-13. 
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Figure 3-13: Basic Type C: Significant Environmental Impact through Distribution 

Type C products are characterized by a special form of distribution, while 
the phases extraction of raw materials, manufacture, use, and end of life cause 
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relatively insignificant environmental impacts. A high distribution input occurs 
when heavy and/or voluminous products have to be transported over long distances, 
for instance by airplane. There are also mixed types, such as earthenware (flower 
pots, etc.), which is produced in far away countries and subsequently hauled over 
long distances. Some characteristics of transportation-intensive product basic type 
C; 

• The product requires long-distance transportation between manufacturer and 
user. 

• Transportation uses resources-intensive means of transportation (airplane, truck, 
etc.). 

• Distribution of the product requires a lot of packaging material. 

For basic type C products, the following improvement objectives and strategies may 
be applied (Table 3-5): 

Table 3-5: Improvement Objectives and ECODESIGN Strategies for Type C Products 
(Source: ECODESIGN PILOT, Access Improvement) 



Basic Type C - Manufacture-Intensive Product 


Improvement Objectives 


ECODESIGN Strategies 


Change packaging 


Reduction of packaging 


Change transportation 


Reduction of transportation 



Basic Type D - Use-Intensive Product: 

In basic type D the impacts during use dominate the overall environmental impact of 
the product. The consumption of energy and/or materials or the generation of 
emissions and waste during use cause significant environmental impacts. This 
impact is closely related to using the product, i.e. the product causes additional 
environmental impacts when it fulfills its function(s). The characteristics of a type D 
product are shown in Figure 3-14. 
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Figure 3-14: Basic Type D: Significant Environmental Impact through the Use of the 

Product 

Some characteristics of use-intensive product basic type D: 

• The product is used intensively and requires energy, such as electrical energy or 
fuel for its operation. 

• Operation of the product requires additional material, such as process materials. 

• Using the product generates a considerable amount of waste, emissions, or 
wastewater. 

For basic type D products the following improvement objectives and strategies may 
be applied (Table 3-6): 

Table 3-6: Improvement Objectives and ECODKSIGN Strategies for Type D Products 
(Source: ECODESIGN PILOT, Access Improvement) 



Basic Type D - Use Intensive Product 



Improvement Objectives 


ECODESIGN Strategies 


Realize a high degree of functionality 


Optimizing product functionality 
Improving maintenance 


Ensure safe use of product 


Ensuring environmental safety 

performance 


Reduce energy and material input at use 
stage 


Reducing consumption at use stage 
Avoidance of waste at use stage 



After the product leaves the factory, it usually changes owners. The buyer uses 
the product to the best of his knowledge or at his discretion. He needs information 
enabling him to use the product safely and in a resource-efficient way. In the case of 
a car, the new owner needs information about the current or average fuel 
consumption in order to monitor the operation of the product. In this context. 
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product development may have a decisive influence on user behavior and, 
consequently, on the environmental performance of the product. 

In basic type D products, operation and use are the determining factors in the 
overall environmental impact. In cooling installations, for instance, measures must 
be made to improve the efficiency of the unit. To achieve this goal it might be 
necessary to use more material in manufacture (e.g. better insulation). While this 
will increase the weight of the unit, its overall environmental performance will be 
improved. This consideration seems logical and reasonable. However, when a 
product is regularly moved or hauled over long distances during use, this alteration 
may not improve overall environmental performance. Regular acceleration and 
deceleration requires an energy input, and the provision of energy or conversion 
processes involved may, in turn, cause a burden on the environment. 

It is important to always keep overall efficiency in mind. In the context of the 
cooling unit mentioned above this means that if the unit is installed in a vehicle, the 
strategy to pursue might not focus on the efficiency of the cooling unit but on the 
overall performance of the refrigerating vehicle (car or truck plus cooling unit). This 
may lead to a situation in which these products have to be improved by means of 
strategies assigned to basic type A products. In the example above, a solution might 
consist of reducing the weight of the cooling unit in order to reduce fuel 
consumption of the refrigerating vehicle. 

The example of the cable in different use scenarios in Figure 2-21 also shows 
that mass is a crucial factor in objects that are moved on a regular basis. In this case, 
too, different strategies have to be considered and evaluated, including strategies 
belonging to basic type A. 

Do you realize that Life Cycle Thinking always has to aim at the design of a system 
as a whole! 

Only this approach will enable you to work out ECODESIGN measures that 
result in a genuine improvement of the environmental performance. 

Basic Type E - Disposal-Intensive Product: 

Products belonging to basic type E are characterized by the fact that disposal, 
dumping, take back, and disassembly are dominant factors in their overall 
environmental impact. This can be caused by problematic (hazardous) substances 
contained in the product or by inseparable material composites that cause problems 
at disposal. 

Disassembly and separation of materials is time-consuming and labor-intensive 
and causes an additional burden on the environment. What is more, a 
disadvantageous mixture of materials may drastically reduce recyclability. Still 
another problem lies in “garbage can disposable” products, i.e. the user disposes the 
product with regular domestic waste without extracting and separately discarding 
problematic or hazardous materials. This practice may generate poisonous and 
environmentally dangerous emissions from waste incineration plants. Some 
characteristics of a type E product are shown in Figure 3-15. 
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Figure 3-15: Basic Type E: Significant Environmental Impact after the End of Ufe of the 

Product 

For the utilization of materials by means of recycling the different materials 
should, ideally, be present in large amounts, unsoiled, and not mixed with other 
materials. In consumer goods the contrary is often true; because products are 
distributed on a global scale, materials are distributed to various locations. 
Throughout its use the product and its parts and components become contaminated 
by foreign substances; they are not present in a "pure form". Because of compact 
design and certain connecting technologies, materials, individual parts, and 
assemblies are "intensively" mixed with each other. In most cases, simple separation 
and processing are not possible anymore. 

Another problem of the end-of-life phase lies in the fact that there is a 
considerable lapse of time between the stages of planning and designing on the one 
hand and disposal on the other. In the course of time the economic background may 
change completely, and measures originally planned for efficient supply and 
disposal may not exist anymore; supply, take back, and disposal systems may have 
become ineffective. Some characteristics of disposal-intensive product basic type E: 

• The product contains environmentally harmful substances or assemblies that 
require special treatment at the end-of-life stage. 

• The product causes problems at the end of its service life because it cannot be 
disassembled, refurbished, or recycled. 

• At present, the product and its resource-intensive parts cannot yet be integrated 
in materials cycles. 

For basic type E products the following improvement objectives and strategies may 
be applied (Table 3-7): 
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Table 3-7: Improvement Objectives and ECODESIGN Strategies for Type E Products 
(Source: ECODESIGN PILOT, Access Improvement) 

Basic Type E - Disposal Intensive Product 



Improvement Objectives 


ECODESIGN Strategies 


Use alternative materials 


Selecting the right materials 


Prolonged use of the product 


Increasing product durability 
Improving reparability 


Disassembly and recycling 


Improving disassembly 
Reuse of product parts 
Recycling of materials 



More often than not the term "recycling" is used to refer only to the 
utilization of materials; the alternative of reusing products or product parts is rarely 
seen. It is, however, a fact that reuse holds great potential, not only from the 
perspective of environmental protection, but also for reasons of economy. It has 
been an advantage for a growing number of companies to consider the end of life of 
a product at the stage of planning and designing, and plan to take back the product 
or its parts and reuse them. 

Combinations of Basic Types: 

Sometimes, it is not possible to assign a product unequivocally to a certain basic 
type (Figure 3-16). In such cases, it is advisable to investigate at least the two peak 
impacts in detail and to apply strategies belonging to the corresponding basic types 
to realize product improvement. 




Figure 3-16: Mixed Form: Significant Environmental Impacts Occur in Two or More Phases 

The subdivision in basic types and the corresponding improvement objectives and 
strategies facilitate the access to ECODESIGN for the user. 
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Now planning of ECODESIGN measures for product improvement can begin; 
all relevant information is available and has been duly documented. On the CD the 
information has been prepared by means of the ECODESIGN PILOT to be suitable 
for practical work and direct application, for instance as working aid in the form of 
checklists. 



3 . 7 Three Steps Toward ECODESIGN Product Improvement 

The approach to ECODESIGN product improvement consists of (cf. Eigure 3-17): 

a) Identifying the basic type (or mixed form) of the product; 

b) Sifting through possible approaches and selecting promising strategies; and 

c) Checking the ECODESIGN guidelines clustered in the strategies and to 
implement them in the form of (concrete) measures. 
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Figure 3-17: Schematic Representation of the Approach To ECODESIGN Product 

Improvement 



a) Assigning a Product to a Basic Type 

More often than not, it is difficult in practice to find a specific approach to the topic 
of ECODESIGN. Well-known sweeping solutions and strategies are often applied 
without analysis, and the environmental benefit of these solutions remains rather 
unclear. The Life Cycle Thinking approach presented in this book constitutes a 
practicable method to make targeted and comprehensible decisions. Consistent 
application of these principles will facilitate the assignment of products to basic 
types, and, consequently, to potential improvement strategies. 
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First, the input and output flows of the individual stages of the product life cycle 
should be roughly identified and represented. In the beginning, the emphasis should 
be on a rough assessment rather than on precise figures. The important thing is to 
record these data for all phases of the life cycle, so that no environmentally relevant 
impacts are neglected. The goal of this first assessment consists of identifying the 
phase of the life cycle that causes the most significant environmental impact. 

Do only large quantities play an important role in the context of input and output 
flows? 

Definitely not! There are certain substances that, even if present in only small 
quantities, may cause considerable environmental impacts. In determining the basic 
type of a product, it is therefore imperative to perform a quantitative and qualitative 
analysis (toxicity) of the individual input and output flows. 

The finding that a product consumes large quantities of energy and process materials 
during use suggests that this product should be classed as basic type D and that the 
corresponding strategies should be selected. 

It is, however, inevitable that following this first assessment, certain 
imponderables of planning remain, for instance because of unpredictable use 
scenarios; special circumstances prevailing in a region; or unreliable or insufficient 
data. 

Do you now understand how to assign a concrete product to a basic type? 

It won't work without Life Cycle Thinking! The individual phases of a product's 
life have to be represented in their entirety. Keep in mind that, at this stage, you 
should not aim at a precise analysis of the environmental impacts in the individual 
phases of the life cycle. This would require an in-depth Life Cycle Assessment 
(LCA). At this point, you only need statements that are more or less correct, i.e. not 
completely wrong. 

b) Selecting Promising Strategies 

Strategies assigned to the relevant basic type may now be selected and applied to 
product improvement. For this purpose, the guidelines belonging to these strategies 
must be reviewed using the checklists and, finally, implemented as concrete 
measures. 

There is no universally valid approach to the selection of a strategy for a given 
type of product. Possible modifications depend on the individual product. In some 
cases, there will be well-founded reasons for or against a theoretically possible 
improvement. Sometimes, formerly unknown paths may open up and lead to 
environmental improvements that have not been previously discussed. 

If the proposals for improvement comprise only measures that product 
developers cannot realize because they are unfeasible, ECODESIGN remains mere 
theory and implementation in practice will fail. It is everyone’s responsibility to 
exhaust all possibilities to contribute to modifications. The road toward improved 
products lies between the extremes of improvements necessary for the environment 
and the range of feasible possibilities for changes. 

Section 3.6 featured a list of possible improvements for each basic type. The 
discussion addressed principal approaches to changes, which may serve to highlight 
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options for improvement. The intentionally simple example below demonstrates 
how to proceed in practice: 

A garden chair needs to be improved (Figure 3-18). 




Figure 3-18; Simple Example: Aluminum Garden Chair 

We assumed the following product life cycle: 

• Raw materials: 

The chair consists of an aluminum alloy. 

• Manufacture: 

Aluminum tubes and sheet metal are cut to size and joined by means of rivets 
and bolts. 

• Distribution: 

Transportation within Europe is by rail. 

• Use: 

The chair is used outdoors in restaurants. 

• End of life: 

The chair will be returned to an existing aluminum recycling system. 

The following hints help to identify the basic type of the garden chair: 

• The product contains considerable amounts of resource-intensive materials, such 
as primary aluminum, high-alloy steel, copper, nickel, and carbon fiber. 

• Manufacture and distribution do not cause significant environmental impacts. 

• The product does not require additional resources for its intended use. 

• The entire product consists of aluminum exclusively and can be easily recycled. 

In this case, the most significant environmental impacts occur in the use-of-raw 
materials phase. The use of primary aluminum in the form of sheet metal and tubes 
causes a significant impact on the environment compared to the other stages of the 
product life cycle. The environmental impacts in the manufacture, distribution, use, 
and end-of-life phases are relatively insignificant. This suggests using strategies 
belonging to basic type A for the improvement of the chair. 
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A discussion of improvement objectives in analogy to Table 3-3 yields the 
following basic options for improvement of the garden chair (Table 3-8): 

Table 3-8: Discussion of Improvement Objectives and Selection of Strategies for the Example 

"Garden Chair" 



Improvement 

Objectives: 


Possible Options for Improvement: 


Selected 

Strategies 


Use alternative 

materials 


Can the resource-intensive material be 
substituted? 

The present example assumes that this is not 
possible becau.se of customers’ 

requirements. 




Using less of a given 
type of material 


Is it possible to use less material? 

This approach seems feasible and will be 
selected. It also meets the customer 
requirement of lightweight. 


Reducing 

material 

input 


Make intensive use 
of resources 


The chair is a very simple product; its 
functions and use have already been defined 
and optimized. This approach is not effective 
anymore 




Use resources as 
long as possible 


The chair is used mainly outdoors, thus 
exposed to weathering. The approach of 
prolonging the product life will be selected, 
too. 


Increase 

product 

durability 


Reuse materials 

contained in the 
product 


The production of secondary aluminum 
consumes considerably less material and 
energy than the production of primary 
aluminum. 

This improvement objective will be selected 
as well. 


Recycling of 
materials 



The considerations so far show that the material as such must not be changed, but 
the ways to use it can. 

Under the conditions mentioned above, the search of concrete ECODESIGN 
measures for the example "garden chair" leaves the three strategies shown in Table 
3-19. Different assumptions concerning possible approaches to improvement would 
have yielded different strategies. 
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Figure 3-19: Selected Strategies in the Example "Carden Chair” 

Are your products more complicated? 

The interactive assistant of the ECODESIGN PILOT online version will help 
you in selecting a strategy. You will find it on the internet at: 
http://www.ecodesign.at/pilot. 

c) Selecting ECODESIGN Measures 

The ECODESIGN PILOT features a checklist for each of the selected strategies. 
You should print it from the CD and use it as an aid in workshops and work it 
through with an interdisciplinary team (product development, production, 
procurement, marketing, etc). By means of these checklists, you will be able to 
identify the appropriate ECODESIGN measures for product improvement. 

Each checklist contains a strategy-related cluster of ECODESIGN guidelines. It 
will enable you to determine whether the product or parts of it fulfill the 
ECODESIGN requirements stated in the checklists. Assessment of the measures for 
improvement is performed by contrasting the potential environmental improvement 
with the risk and the input to be expected in the implementation of the measure. 

Limiting the number of potential strategies to three or four requires selecting the 
selection of the most important five to ten measures after examining some 30 to 40 
ECODESIGN guidelines. These are the measures to be applied in a first step of the 
product improvement process. 

Do you realize that this form of looking upon your own product may generate 
entirely new ideas for problem solving? 

The benefit of the checklists lies not only in working them through to highlight 
potential product improvements. These checklists may also serve as a guidepost on 
the road to new ideas; they help in forming analogies and in the generation of new 
ideas. 



The checklists also have an assessment question for each ECODESIGN 
guideline. Each assessment question aims at a potential improvement measure and 
has to be answered when you work through the checklists. In order to help answer 
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these questions, there are additional questions (cf. Figure 3-20), designed to 
elucidate the background of the assessment question. 



Is assembly of the product simple, and does the design show a hierarchical 
structure? 




How many compor>ents have to be 
connected for assembly? Would a 
hlerarchicdl structure simplify 
assembly? 



Weighting (W) 


Assessment (A) 


Priority (P) i 


O very important ( 10 ) 
0 less important { 5 ) 
0 iTOt relevant ( 0 ) 


0 yes ( 1 ) 

0 rather yes ( 2 ) 
O rather no ( 3 ) 
o no ( 4 ) 


P 







Measure 


Ensure simple assembly through hierarchical structure of 


product 






O high 
o low 




risk 


because 




Action 


o at once 
o later 
0 never 


Responsibility 


Deadline 



Figure 3-20: Assessment Part of the ECODESIGN PILOT Checklist Referring to a Measure 

Not all assessment questions are of equal importance for every product. An 
ecology-oriented three-step prioritization will help to implement the selection: 

1) Determining weighting (W): 

The relative importance of the individual assessment questions for a given 
product has to be determined. A rating of ten points means "very important for 
my product", five points "less important for my product", and no points "not 
relevant for my product". 

2) Performing assessment (A): 

The assessment question has to be answered using one of the four possible 
answers. Here, one point stand for "yes, has been fulfilled", two points for "ryes, 
partly fulfilled", three points for "no, partly unfulfilled", and four points for "no, 
unfulfilled". 

3) Determining priority (P) of an ECODESIGN measure: 

The value of priority P is calculated by multiplying weighting W by the value of 
assessment A. Therefore, possible values for P are 40, 30, 20, 15, 10, and 0. 

Do you realize the purpose of this procedure? 

This simple calculation will enable you to find all ECODESIGN measures that 
are "very important" and, at the same time, have "not been fulfilled" so far; these 
will show a high value for P. Measures that are also "very important", but have 
already "been fulfilled" or measures that are "less important" and have "not been 
fulfilled" will show a lower value for P. This method enables you to identify the 
ECODESIGN measures that are appropriate for a specific product. 

You should be very careful in assigning a rating of "not relevant”. Of 
course, a question addressing wear control will be "not relevant" if a product or its 
parts are not subject to wear and tear. A different situation prevails, however, when 
it comes to ease of disassembly and this requirement has not (yet) been fulfilled for 
the product. The weighting "not relevant" would be wrong if "ease of disassembly" 
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had been identified as an adequate strategy. This means that weighting has to be in 
harmony with the selected strategy. 

Working with the checklists starts with identifying the most promising 
ECODESIGN guidelines. They are characterized by a high P value (priority). 
Activities should focus on these guidelines because they have a high improvement 
potential for the product in question. 

The second step of analysis consist in determining the necessary input and the 
implementation risk involved in the realization of potential ECODESIGN measures 
(cf. Eigure 3-20). Ideally, this work should be done in an interdisciplinary team. 
Different cultures, modes of working, and professional specializations will produce 
new and novel ideas, which are particularly important and valuable in 
ECODESIGN. The team jointly makes a rough estimate of the budget for time, 
resources, and the costs to be expected. The result will be recorded in the checklists. 
The implementation risk has to be rated as "high" or "low", and a reason has to be 
indicated. 

The third step is to decide on the schedule for implementation ("at once", "later", 
or "never"). Measures with a high priority and a low implementation risk should be 
realized first. In other words, measures involving a low economic input and holding 
a considerable benefit for the environment should be given the highest priority. 
Details of organization, such as assigning responsibility for the implementation of 
improvement measures to individuals or departments or the time horizon for 
realization may now be recorded in the checklist (cf. Figure 3-20). 

Using this approach in practical work will enable you to identify the most 
important ECODESIGN measures for a specific product rather quickly. These 
measures will have a high leverage with a view to environmental improvement and, 
at the same time, hold only a low implementation risk (cf. Fig. 3-21). When this step 
has been completed, implementation of design and product development itself can 
be approached. 
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Figure 3-21: Portfolio on the Evaluation of ECODESIGN Measures 

Companies with some experience in ECODESIGN may, of course, initiate 
the next step and approach the implementation of measures that involve a higher 
implementation risk. Measures that were given a lower priority may also he taken 
into consideration. 

Worked out well, didn't it? 

First, there was the desire to design the product for better environmental 
performance, i.e. to improve it in the sense of ECODESIGN. At the beginning, the 
concrete approach was not quite clear. The principal task was clarified through 
consistent application of Life Cycle Thinking, i.e. by identifying those phases of the 
product life cycle that cause the overwhelming part of the environmental impact. 
Assigning a product to one of the five basic types has thus become relatively simple. 

The potential options for improvement within a given basic type were then 
discussed and strategies suited for the product were selected. In this continual 
process, the solution became increasingly concrete until, finally, specific 
ECODESIGN measures were selected and evaluated. The abstract task of "making 
the product environmentally better" has been successfully broken down into 
concrete ECODESIGN measures formulated in the language of product 
development. The checklists are useful working aids for this task. 

Tina Balena presented her results at the team meeting. They consisted, on the 
one hand, of the comprehensive basic knowledge of ECODESIGN, structured in 
phases, aspects, and guidelines. On the other hand, Tina highlighted the relation 
between the individual guidelines and the objectives and strategies. Subsequently, 
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she explained how the strategies were linked to the five basic product types. Her 
conclusive presentation of ECODESIGN contents convinced even those who were 
rather skeptical at the beginning of the workshop. Comprehensive knowledge of 
ECODESIGN is now available in a structured form. Tina has successfully 
completed the third part of her project (Figure 3-22). 
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Figure 3-22: Schedule for Tina Balena's Traineeship: Basic ECODESIGN Knowledge has 
been Established and Linked to Strategies and Basic Product Types: Approach has been 

Worked out 

The ECODESIGN measures selected for a specific product must now be 
implemented in a targeted product development process. What would be the ideal 
approach to this task? To answer this question Tina Balena will have to take a closer 
look at the product development process. In the workshop at the beginning of the 
third part of her project, she had already gathered valuable information on potential 
difficulties in product development and on how to overcome them. Tina is looking 
forward to the fourth part of the project because she was promised a bonus for the 
successful completion of the project. Find out more in the next chapter. 





4 PREPARING ECODESIGN EOR PRODUCT 
DEVELOPMENT 



This chapter will focus on the product development process as such and on the 
integration of ECODESIGN into it. The discussion extends the ECODESIGN 
approaches presented so far, enabling the product developer and designer to also 
take into account ECODESIGN requirements in addition to others that must be 
considered in developing a new product. This chapter will address predominantly 
the design of new products, whereas chapter 3 concentrated on the improvement of 
existing products and on re-design. 

Just imagine there is the idea for a new product in the company. The development 
department is to implement the new task. Now, does the product developer just sit 
down, think the whole thing over, make drafts, create a design, and declare it the 
solution? 

In principle yes, it can be as simple as that. However, some questions remain: 

• Was the completed task actually the "right" one? 

• Is the solution that has been found really the optimal? 

Don't you think a methodological approach would be useful here? What would be 
the core of such a methodology? 

4.1 Core of a Methodological Approach to the Product Development Process 

Tina Balena has gathered a comprehensive body of knowledge on ECODESIGN, 
given it a structure, and prepared it for implementation. How will she integrate this 
knowledge in the product development process? To form an idea of the product 
development process she first consults two sources. 

She looks for various general methodological approaches to product 
development in recent literature (Hubka, Eder 1996; ICED 1999; Pahl, Beitz 1993; 
VDI 2001).The company she works for as well as suppliers give her valuable hints 
and information on the practical work of product developers and designers. 

Very soon, she realizes that there is no such thing as a uniform approach. The 
various theories describe the product development process in different ways and 
each company uses its individual approach. However, certain principles can be 
found repeatedly: 

• Targeted search for an “optimal” solution; 

• Proceeding from “abstract to concrete”; 

• Proceeding in phases; 

• Developing variants; and 

• Step-by-step assessment and decision making. 

Practical work usually does not take place in a continuous step-by step process at all; 
developers frequently go back to previous stages of the planning process. 
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Unorganized, creative phases alternate with systematic, structured phases in the 
product development process. This dynamic “back and forth” approach creates a 
favorable atmosphere for the generation and further development of new ideas. 

Tina Balena considers three principles particularly important and uses them as 
guidelines: 

• Don’t adopt approaches directly from literature, you should, however, adhere to 
certain methodological principles. 

• Create an understanding of product development methodologies in the team and 
find ways to integrate environmentally relevant considerations into the development 
process. 

• You should pay special attention to the early phases of product development, as 
the chances for modifications are best at this stage. 

Tina Balena decides to use the approach shown in Figure 4-1: 
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Figure 4-1: ECODESIGN in the Product Development Process 

First, she wants to deal with the “general way of thinking”, then with the “general 
approach” to product development in order to be able to realize the “integration of 
ECODESIGN” in the last step. These three aspects will be discussed below. 

4.2 General Way of Thinking in Product Development 

If one wanted to represent an engineer’s way of thinking visually, one would use a 
sequence of images that starts with a rough sketch and finally results in a crystal 
clear image of the object in question. The pictures of the sequence would show 
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increasingly more details and clearer shapes, thns representing the intermediate 
stages of the process. This process requires product developers and designers to 
work with abstract ideas and concepts. They have to depart from a “generated” 
concept (product specifications) and make evaluations and decisions and repeatedly 
select from a whole range of possibilities in the development process; in other 
words, they must proceed from abstract to concrete and periodically evaluate the 
state of the development process and choose approaches to the solution. 

From Abstract to Concrete 

The first glance at a new question will usually yield only a rough picture of the 
issue. If details are visible at all, they are not embedded in a context. This is also true 
for the product development process. Before tackling details in the product 
development process one has to look for the complete picture. 

In the search for a solution the developer should choose an approach that permits 
him to proceed from a rough and abstract outline to the minute detail, i.e. a step-by- 
step approach with a variable degree of abstraction. Working with fuzzy concepts 
opens up possibilities for creative solutions. The search area for possible solutions 
should be as wide as possible at the beginning, and subsequently be narrowed down 
step-by-step. 

Imagine you are confronted with a problem. What are you concentrating on first; is 
it the problem itself or is it the whole background of the problem? Do you 
immediately try to solve the problem or do you first want to know where the 
problem originated? 

In this context, it is important to keep in mind the following: To solve a problem 
also means to detach oneselffrom the problem. This alternative way of thinking and 
adopting of new ideas often causes problems in practical work; the working 
atmosphere is usually not conducive to "out of the box" thinking or acting without 
restrictions.^ 

Successive Assessment and Selection 

The product development process requires that all possible solutions be considered, 
but also that efforts focus onfeasible approaches at an early stage of the process. All 
phases require decision making, often in the sense of selecting. For reasons of 
limited budgets, time, and capacities, not all of the potential solutions can be given 
in-depth consideration. In addition, product developers have to consider and plan all 
phases of the whole product life in advance - from the extraction of raw materials to 
manufacture, distribution, use, and, finally the end of life. This involves a vast 
number of decision parameters. Planning above all means deciding. 

In the search for “optimal” solutions, it is therefore highly important to define 
general principles for the decision-making process and special principles that refer 
to a specific product. General principles for decision making are usually defined in 
the business policy of a company. They reflect the strategies, performance, market 
potential of the company, etc. Special principles for decision making, such as the 
implementation of customer demands or the adaptation of design to the stringencies 
of the manufacturing process have to be defined by appropriate criteria, so that they 



^ Cf. the considerations within the scope of Systems Engineering (Ziist 2000; Daenzer, Huber 
1997) 
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can be described and measured. This “objective” measuring basis is to help planners 
differentiate between adequate and inadequate, e.g.: “The product must weigh less 
than 250 grams.” 

All solutions fulfilling this specification may be considered adequate with a view 
to the weight aspect. One could also go one step further and rate the degree of 
fulfillment; e.g. 200 - 250 grams would be rated as “good”, 150 -200 grams as 
“very good”. This sort of measuring system enables developers to compare and 
evaluate different variants. 

From the point of view of the environment, decisions should be based on the 
following principles: 

• Understanding actual customer needs: What does the customer really want, what 
benefit can be achieved? 

• Balanced and complete identification of all potential environmental impacts: 
Impacts that have not been identified can, of course, not be evaluated. 

• Life Cycle Thinking: Improvements in one phase of the lifecycle may cause 
problems in another phase! 

• Making decisions at the right time: It is often very difficult to reverse things after 
they have been fixed. 

• Using adequate compromises in the case of contradictory goals: How can a 
conflict between goals be avoided or even be used as a source of innovation? 



4.3 General Approach to Product Development 

Tina Balena meets the head of the product development department at the weekly 
meeting. They discuss the company’s approach to product development. In the 
course of discussion the head of product development realizes that, in each 
development process, there is always a succession of the same steps. These steps 
comprise “clarifying the task“, finding the “solution principle”, and finally the 
“embodiment of the solution” (Figure 4-2). 



c^tng 

1^sK 



3:>lorlia/i 

principle 



mixdimeni 

design 



Figure.4-2: The Three Main Phases of the Product Development Process 
a) Clarifying the task 

“Clarifying the task” marks the actual starting point of the product development 
process (see Figure 4-3). Other activities such as developing ideas for new products, 
special research, and planning strategies may, of course, precede this phase. 
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Figure 4-3: Phase: Clarifying the Task 

Clarifying or defining the task or the requirements a product will have to fulfill may 
seem a rather trivial thing. On closer inspection, however, one will realize that this is 
a crucial step in product development; it calls for careful attention. At this stage, 
decisions are made that determine the further course of development. The point here 
is to define the scope of possible modifications aiming at product improvement. 

Do you know sayings like; "A clear definition of the task is already half the 
solution" or "Do not implement the first solution that comes to your mind, but 
implement the best solution first"? 

These statements sound good and are generally true for problem solving. They 
are of particularly great importance in product development as many developers 
tend to think in terms of solutions very soon, often too soon. A thorough 
consideration of the task aiming to adapt the product to customers' needs and 
expectations takes a lot of time; and it takes courage to claim that time. 

More often than not, developers will be pressed to deliver concrete solutions 
quickly. The danger here is that people work with preconceived concepts and ideas, 
which possibly have to be remedied at great expense later in the development 
process. 

The following questions will help to identify the task in all its complexity (Herb et 
al. 2000): 

• What is the core of the task? What is at issue? 

• How did the problem arise? What are the causes? 

• What attempts have been made to solve the problem? Why didn’t the solutions 
work? 

• In what fields are there similar problems? What solutions have been found there? 

In most cases, people who are less well acquainted with the problem have 
considerably fewer difficulties in framing a clear, neutral, and independent 
description of the task. Because they are not yet deeply involved professionally or 
emotionally, they are able to look at the background of the problem more clearly and 
without prejudice. 
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As soon as the whole team has fully understood the essential elements of the 
task, the objectives that have to be achieved may be defined. Product developers use 
the term “product specifications” or “requirements” to describe the product (which, 
in fact, does not yet exist) as accurately as possible and to define the search area for 
solutions. 

The simplest method of drawing up a complete list of goals is to “think along the 
life cycle” and to identify the relevant specifications for each stage. 

Each individual specification should be defined by measurable target values. 
Basically, we distinguish between: 

• Absolute specifications: Target values must be precisely observed. 

• “From/to” specifications: Solutions must be comprised within a given range. 

• Target specifications: An optimum value should be sought. 

• Desirable specifications: A desirable result, not mandatory. 

Have you noticed that the product development process and the product life cycle 
overlap at the planning stage? 

As soon as the list of specifications has been drawn up, the product seems to be 
alive, as it were. For this reason, many descriptions of the product life cycle define 
product development as the first phase of product life. In ECODESIGN, however, 
the product life cycle has been defined as a process of resource transformation, 
which begins with the stage "use of raw materials". 

Ecology-related targets and requirements must also be identified and included in 
the list of specifications at the very beginning of product development. Issues that 
have not been included at this early stage can hardly be integrated in later phases of 
the planning process; furthermore, these criteria would be missing in a subsequent 
evaluation of different solution variants. Omitting ecology-related specifications at 
the product planning stage would impede the selection of environmentally sound 
solutions. 

Therefore, the ECODESIGN PILOT encourages the integration of environmental 
aspects into the list of specifications by means of two approaches: 

• In redesign, one may assume that a large body of information and comprehensive 
experience already exists and that there is a precursor product, which may be 
analyzed on the basis of product improvement strategies as shown in section 3.7. 
The analysis results in ECODESIGN measures, which may be added to the list 
of specifications. 

• In new design, there is usually little information about the product itself. Here 
one may proceed using the questions given in section 4.4 below. These questions 
arise during any product development process, but in the ECODESIGN PILOT 
they are also linked to the corresponding ECODESIGN measures. 

Both approaches provided by the ECODESIGN PILOT may be used to integrate 
ECODESIGN ideas into the list of specifications. 

b) Finding the solution principle 

The list of specifications determines the general approach to the search for solutions. 
The next task consists in the step-by-step development of a “solution principle”. 
After clarifying the task and completing the list of specifications, the product 




71 



developer uses a gradual transition from functional structure to working structure 
in order to develop the desired, concrete product, including all details of structural 
design. This approach from “rough outline to detail” supports the generation of 
innovative solutions and, at the same time, facilitates a targeted selection of the 
optimal solution. 

For this purpose, the initial description of the product is rather abstract and is 
based on possible functions it can fulfill; applying principles of action (working 
principles) results in various solutions, which then can be evaluated. A description 
of these steps is given below (Figure 4.4). 
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Figure 4-4: Pha.se: Finding the Solution Principle 

Thinking in terms of functions 

A function is the description of a task made without focusing on a certain practical 
solution, e.g., “joining parts” instead of “screwing together parts”. Limiting the task 
to “screwing together” would restrict the scope of possible solutions beforehand. 
Formulating a function always includes “units” (e.g. parts) and an “operation” (e.g. 
joining). 

Function synthesis was often used for new developments in fields where a 
reference product did not exist or in cases in which developers consciously wanted 
to follow a new avenue in implementation. Departing from the overall function, 
which may be represented graphically by means of a so-called “black box”, the sub- 
functions may be isolated one by one (Figure 4-5). In most cases, this procedure 
follows the main flow (of material, energy, or signal). From the main flow one can 
deduce the main functions, and finally model the functional structure of the product. 
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Figure 4-5: Black Box Representation of a Washing Machine for Function Synthesis 

Function analysis is used if an existing product has to be improved. In such a 
case the reference product is subdivided into its individual functional units (parts 
and components). Subsequently, the functions are assigned to the respective units in 
the product; this also yields a representation of the functional structure of the 
product. If this structure is formulated neutrally, it may serve as a starting point for 
the redesigning of the product. A lawn-mower could serve as a simple example: The 
functional units are: electric motor, undercarriage, cutting unit, etc. The functions 
are: propelling the cutting tool, moving the mower, cutting the grass, etc. 

For the purpose of creating new solutions, the functional structure, previously 
generated by means of function analysis, may be modified through targeted 
measures. At this stage, modifications affecting, for instance, the sequence of the 
individual sub-functions could be envisaged. Some modifications will even shift the 
system boundaries of the overall functional structure. In such cases, individual sub- 
functions may be added to or omitted from the system. The result will invariably be 
a modified product, for example, a lawn-mower with or without grass-box. 

Applying principles of action 

As soon as the functional structure has been determined, considerations will focus 
on the possibilities of implementing the individual functions. First, the individual 
subfunctions are analyzed separately; several possible solutions are taken under 
consideration for each. The solutions are based on different principles of action, i.e. 
physical effects under predefined geometric, kinematic, and material conditions. 
Each principle of action may be realized by various components. 





73 



As the whole range of possible solutions may be considered at this planning 
stage, designers often use what is called a “morphological box” (Figure 4-6). 
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Figure 4-6: Example of a Morphological Box 

A morphological box serves to itemize the individual sub-functions (SF 1, SF 2, ...) 
and to link them with possible partial solutions. Adequate combination of the 
various partial solutions results in different possible overall solutions, which are 
usually called variants. 

This creative and, at the same time analytical process should yield a limited 
number of different overall solutions that are basically adequate and feasible. These 
solutions must then be systematically evaluated with a view to the predefined goals. 

Assessing solution variants 

Selecting the “right” solution involves the job steps “assessing” and “deciding”. The 
objectives are a transparent representation of the conditions of assessment, a 
comprehensive and systematic assessment of the individual solution variants. These 
steps support the responsible actors in selecting a solution through a comprehensible 
decision-making process. 

As a matter of fact, assessment lays the groundwork for decision making. 
Assessment is not necessarily objective; it is always based on subjective value 
systems and a subjective evaluation of facts. The result of an assessment is a 
proposal for a certain decision and suggestions for further action. 

One of the constituent elements of a methodological assessment consists of a list 
of criteria. Criteria are yardsticks that systematically measure the fulfillment of 
defined goals. The list of criteria may be drawn up using the list of specifications 
and supplementary criteria concerning the search for a solution. 
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c) Embodiment of the solution 

When the decision for a certain solution has been made, the concrete embodiment of 
the variant can be realized by means of classic methods of design and engineering 
(Figure 4-7). 
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Figure 4-7: Phase: Embodiment of the Solution 

How much room for maneuver, do you think, is there for change at this phase? 

The scope of possible modifications has narrowed down; too many decisions 
have already been made. At this stage, modifications would require enormous 
expenditure and would, therefore, probably not be accepted. 

Developing and designing the selected variant in increasing detail is one of 
the last steps in the product development process. At this stage, many things have 
already been fixed and the room for shaping is rather limited. This fact should be 
kept in mind when one expects the product developer to integrate environmental 
aspects in the designing process. 



4.4 Integrating ECODESIGN into Product Development 

Tina Balena has gained an overall view of thinking and acting in product 
development. The director of product development has a proposal concerning Tina's 
intention to prepare the ECODESIGN guidelines especially for integration into the 
product development process: Using questions as points of reference, he gives some 
typical examples: How will the product be used? What is the intended purpose of the 
product? 

They wrote down these questions and realized that it was possible to package 
ECODESIGN principles into these questions. If these questions always arose during 
the product development process, it seems plausible to correlate ECODESIGN 
guidelines with the questions and, in so doing, prepare them for the product 
developer. 
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They jointly draw up a comprehensive list of questions and link them to the 
individual phases of the product development process, mentioned before. Figure 4-8 
shows the questions^ related to the phase “clarifying the task”. 



Product positioning and product characteristics 

• What type of product has to be developed? 
(Positioning) 

• What requirements must the product fulfill? 
(Characteristics) 

Purpose and use of the product 

• How will the product be probably used? 
(Purpose) 

• Who does what during use? 

(Interaction between product and user) 

• How should the product work? 
(Technological implementation) 



Figure 4-8: Questions Related to the Phase: Clarifying the Task 
Figure 4-9 shows the questions related to the phase “finding the solution principle”. 



Functional structure and principle of action 

• What goes into the product and what comes out? 

(Input and output values) 

• What functions are required from the product? 

(Functional structure) 

• What principles of action will be applied, what functional parts will be used? 

(Principal parts structure) 



Figure 4-9: Questions Related to the Phase: Finding the Solution Principle 

Tina is happy that, owing to these questions, she has a good concept which 
will enable her prepare the ECODESIGN guidelines for the use in product 
development. Linking the individual guidelines unequivocally to the questions, she 
notices that many ECODESIGN measures assigned to the manufacturing stage are 
determined to a considerable extent by product development. As there is no special 
“manufacture” phase in the selected model of the product development process, she 
decides to introduce an additional item “documentation and manufacture” to the last 
phase “embodiment of the solution” (cf. Figure 4-10). This enables her to assign all 
ECODESIGN guidelines adequately. 



^ The questions were worked out and linked to the individual ECODESIGN guidelines with 
the support of Prof. Ernst Eder when he was Visiting Professor at the Vienna University of 
Technology in October 2000. 
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Structural design 

• How should the parts and components be arranged, how do they interact? 
(Preliminary draft) 

• How can the concept be implemented dimensionally? 

(Main plan) 

• What are the details of embodiment and dimensioning? 

(Detailed plan) 

Documentation and manufacture 

• What must the user observe during product life? 

(User manual) 

• What procedures and processes are going to be used? 

(Manufacture) 



Figure 4-iO: Questions Related to the Phase: Embodiment of the Solution 

This approach prepares the ECODESIGN information for use in product 
development. It is a practical tool providing the designer and product developer with 
targeted information on environment-related measures for each phase. On the CD, 
the ECODESIGN PILOT provides access to this information under the heading 
“Development”', it is available in the form of “basic knowledge” pages for 
educational purposes, and in the form of checklists, which can be worked through 
during the development of ideas. 

Tina Balena has reached yet another milestone. The fundamentals of the 
integration of ECODESIGN measures into the product development process have 
been established and have been accepted by the people in charge (Figure 4-11). 
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Figure 4-1 1 : Schedule for Tina Baiena’s Traineeship: Fundamentals for the Integration of 
ECODESIGN into the Established Product Development Process 

Over the weekend, Tina Balena meets some of her fellow students. The topic of 
conversation is their first professional experiences. Tina Balena is particularly 
interested in a discussion of the “continual improvement process in enterprises”. 
One of her colleagues studied this issue intensively. She had learned that the 
necessary progressive learning process can be realized only if the enterprise 
provides a favorable framework. 

Tina Balena is thinking about the last part of her project. Her task will be to 
embed the fundamentals of ECODESIGN into the planned environmental 
management system. The continual improvement process is of crucial importance in 
this context. Tina and her colleagues also have a lively discussion of the questions 
below: 

• What conditions are required to facilitate the application of ECODESIGN 
principles and the actual implementation of ECODESIGN measures? 

• What about the allocation of resources for product development? 

• What measures are necessary from the perspective of top management? 

Tina Balena takes note of these questions, because they will be important in the fifth 
part of her project. 








5 EMBEDDING ECODESIGN IN ENVIRONMENTAL 

MANAGEMENT 



Work on standardization in the field of environmental management was initiated by 
the “International Organization for Standardization” (ISO 14000) early in the 
1990’s. By accepting these standards, the trades and industry have recognized the 
need to assume more responsibility in the field of ecology. Consistent application of 
the ISO standards results in better environmental protection than is required by 
existing legislation. 

Do you realize that the international standards family ISO 14000 goes beyond 
ensuring compliance with laws and regulations? 

ISO requires enterprises to extend their scope of action in shaping their activities, 
products, and services beyond what is prescribed by law. In this context, 
ECODESIGN measures and the requirements of an environmental management 
system according to ISO mutually complement each other. 

In the last decade a whole family of standards dealing with "environmental 
management" has been created. Standards directly or indirectly related to 
ECODESIGN include: 

ISO 14001 Environmental Management Systems - Specification with guidance 
for use — the "parent" standard 

ISO 14004 Environmental Management Systems - General guidelines and 
principles, systems, and supporting techniques — with further comments and 
guidelines on ISO 14001 

ISO 14031 Environmental Performance Evaluation - Guidelines — with 
principles and guidelines for process-oriented evaluation 

ISO 14040 Life Cycle Assessment — Principles and framework — with principles 
and guidelines for "Life Cycle Assessment" (LCA) 

ISO 14041 Life Cycle Assessment - Goal and scope definition and inventory 
analysis 

ISO 14042 Life Cycle Assessment - Life cycle assessment 
ISO 14043 Life Cycle Assessment - Life cycle interpretation 
ISO/TR14062 Environmental Management - Integrating environmental aspects 
into product design and development 

Did you know that the environment-oriented improvement of products and services 
of an organization is increasingly gaining ground in the ISO 14000 family of 
standards? 

The experience of recent years has clearly shown the need to direct 
management and planning activities towards the product development process. This 
was one of the reasons for the decision to draw up a technical report (ISO TR 
14062) and to put more emphasis on the issue of environmentally sound product 
design in the next revision of ISO 14001. 
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At the weekly team meeting, Tina Balena informs Rudi Macher about the state- 
of-play of her project. They discuss the problem of the continual improvement 
process. The goal is to create a suitable framework for a lasting integration of 
ECODESIGN into the company. 



5.7 Relations Between ECODESIGN and Environmental Management 

Tina Balena and Rudi Macher have a closer look at the ISO 14001 standard, 
“Environmental Management Systems”. They want to find the principal “points of 
contact” with ECODESIGN. 

One of the typical features of the ISO 14001 standard is its five-step set-up; the 
five steps - or parts of them - have to be performed in a certain rhythm (Figure 5-1). 

The focus is on the continual improvement of the environmental performance* of 
an organization^. 
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Figure 5-1: Principal Structure of the international ISO 14001 Standard “Environmental 
Management Systems’’ in Five Steps, with Links to ECODESIGN 

Environmental policy 

The top management defines the organization’s environmental policy. This 
statement has to include, among others, 



^ The “environmental performance ” is defined as “measurable results of the environmental 
management system, related to an organization ’s control of its environmental aspects, based 
on its environmental policy, objectives and targets. ’’ 

^ The ISO 14001 standard intentionally speaks of “organizations”. An organization 
according to ISO 14001 can be “a company, corporation, firm, enterprise, authority or 
institution or part or combination thereof, whether incorporated or not, public or private, that 
has its own functions and administration ". 
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• a commitment to continual improvement and prevention of pollution; and 

• a commitment to observe environment-related laws and regulations as well as 
other obligations the organization had assumed. 

An enterprise is expected to establish the environmental performance of its 
activities, products, and services^ and to continually improve it. 

Planning 

From the perspective of the ISO 14001 standard, assessing and improving company- 
specific environmental performance is highly important. This step comprises an 
analysis of “legal and other requirements” as well as an ecology-oriented analysis 
(Figure 5-2). The second field of activity is designed to determine “significant 
environmental aspects” of the company's activities, products, and services, i.e. to 
determine ecological weak points. 




Figure 5-2: Planning Stage and Relation to Up-Stream and Down-Stream Stages according 
to ISO 14001, Supplemented by ECODES/GN Principles 

Analysis of the environmental situation is an important prerequisite for the 
development of appropriate measures. In the ISO 14001 standard, this requirement 
is reflected in the planning step “Identification of significant environmental aspects” 



^ The enumeration of the terms “activities, products, and services ’’ is a central and typical 
characteristic of the ISO 14001 standard. This is to ensure that an organization takes into 
account all possible impacts, not only local effects caused by its transformation processes. 
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(cf. chapter 4.3.2 in ISO 14001). The organization must ensure that any“significant 
environmental aspects” are taken into account in defining its environmental 
objectives (Figure 5-2). Subsequently, options for solutions and a framework for 
action may be deduced. “Planning” results in so-called “environmental management 
programs”, which finally must be implemented. 

Did you ever reflect upon which steps of ECODESIGN could be addressed by the 
"planning" element according to ISO 14001? 

ECODESIGN projects in particular, like environmental management programs 
generally, cannot be initiated and implemented without taking into account other 
product specifications, such as price, weight, functions, quality, esthetics, etc. 
Therefore, the goal must be to reconcile and integrate the various perspectives, i.e. 
the interrelations with other aspects have to be considered in each planning step. 

The ISO standard also points to the fact that other projects, planned or 
under way (within the organization), must also be investigated for their 
environmental implications. This requirement will ensure that ecological aspects are 
actively implemented at all levels of the organization. 

Implementation and Operation, Monitoring and Corrective Action as well as 
Management Review: 

The planning of environmental management programs is followed by 
implementation, monitoring, and review stages (cf. Figure 5-1), which support the 
efficient application of environmental management programs. 

Does this require the creation of new structures within the organization? 

Certain adaptations will definitely be necessary. However, the requirements 
contained in the ISO standard build upon the experience and generally accepted 
principles of "management" and "project management". Organizations usually have 
well-established and documented procedures and processes in this field. 

Implementation, monitoring, and review involve the following questions: 

• Who is in charge of implementing the environmental management programs? 
Who informs the top management about results? When and in what form are 
such reports made? Who represents the topic “environmental management 
(system)” at the top management level? 

• What requirements for training and for information are there? How can these 
requirements be met? 

• In what form will the environmental management system be documented? How 
will the controlling of documents be effected? What are the necessary 
procedures? 

• How will performance evaluation be implemented? What will be measured? In 
what form will results be prepared and communicated internally and externally? 

Do you agree that it is not enough to initiate ECODESIGN projects and that they 
also have to be implemented professionally? 

The checklists on your CD feature the items “Action”, “Responsibility”, and 
“Deadline” (cf. Eigure 3-20). You can fill in information that is directly related to 
the implementation of ECODESIGN measures. 
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Environmental management, as we know, is actually management of resources 
in a broad sense of the term, and requires a holistic approach to the search for and 
implementation of optimal solutions. This, in turn, requires mutual understanding 
from all participants involved in the process. 

The five steps mentioned in the ISO 14001 standard must be taken in a cyclical 
process. An organization must deal with the question of how to integrate the 
requirements of the standard into the existing structure of the organization and, in 
particular, into the rhythm of managerial activities. 

Is it possible to initiate ECODESIGN measures in an organization at any time? 

Certainly not. Environmental management programs and ECODESIGN 
measures cannot be implemented independently of the remaining objectives of an 
enterprise. It is imperative to integrate the measures into existing structures of the 
organization. How can this be achieved? 

5.2 Integration of ECODESIGN into Environmental Management 

“The staff members know too little about each other. What is more, they don't 
realize the interrelations between the individual work fields.” This is a typical 
complaint in discussions of the internal structure and communication in 
organizations. A macro-structure in the sense of “cross-functional” relations 
including several departments and spheres of responsibility, in most cases, simply 
does not exist. Interdisciplinary workshops are a suitable setting for the creation of 
such macro-structures and shared concepts. Inviting people to use “out of the box” 
thinking may bring to light new points of view and hitherto unrecognized 
interrelations. Unfortunately, this mode of working is still uncommon. 

Tina Balena and Rudi Macher used the workshop within the ECODESIGN 
project as well as many talks with different staff members to establish and cultivate 
relations across individual departments. A more comprehensive way of thinking and 
acting has developed in the various departments, such as marketing, product 
development, and production. Parochial thinking has broken down considerably. 
Tina Balena and Rudi Macher have achieved the horizontal integration of ecological 
thinking (Figure 5-3) into the company. 
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Figure 5-3: Horizontal Integration of Environmental Measures (Adapted from Gresch 1998 

and Ziist 1998c) 

Are the procedures and processes in your working environment prepared in a 
process-oriented manner? Are they coordinated with each other? 

Is there a clear schedule in your enterprise of who has to fulfill what task or 
function and when? 

Are these activities really based on results and findings arising from preceding or 
adjacent procedures? 

Tina Balena and Rudi Macher are aware that a merely horizontal integration of 
ecological thinking is not sufficient. Environmental management also has to strive 
for an inner coherence at each individual planning step. In addition to the analysis, 
objectives, and development of environmental programs up to their implementation 
and evaluation, there has to be an inner logic to the process; this means that each 
planning step must follow logically from the previous one. 
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Figure 5-4: logical Unking of Individual Planning Steps Aiming at Vertical Integration 
(Adapted from Gresch 1998 and 7Mst 1998c) 

In their discussion, Tina Balena and Rudi Macher realize that it will be also 
necessary to arrange the individual planning steps in a sequence of events. They 
know that several appropriate procedures'^ already exist in the company. From the 
point of view of business management, the budget process prior to a new business 
year and the annual accounts, i.e. the reporting process following a business year are 
of crucial importance. Budget planning clearly has a time dimension. 

The rhythm of management activities is essentially determined by the key 
processes of “budgeting” and “reporting”. The first process involves looking into the 
future (the “view”); personnel, finance, and space resources must be provided for the 
various activities and projects planned for the following year. The budget reflects 
what management intends to do and what it wants to achieve in the following year. 
The second process (the “review”) involves looking back at the past business year. 
This review indicates whether individual goals have been achieved and investigates 
any deviations from the budget plan. The annual report is a documentation of the 
previous business year, with an emphasis on financial aspects. Budget (view) and 
annual accounts (review) are thus closely related. 

Did you know that the ISO 14001 standard "Environmental Management Systems" 
also uses the term "review? 



4 “Procedures" refer to activities that recur at certain intervals. 
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At the end of an implementation cycle, there is a so-called “management- 
review” or “evalnation by the top management”. These procednres are designed to 
determine how extensively the goals have been realized and also which findings will 
have to be considered in the next bndget process or, if necessary, in restructnring the 
company’s “environmental policy”. 

Tina Balena and Rudi Macher are aware of these mechanisms. They depict 
these relations graphically in a sketch. The formerly independent elements 
“implementation and operation” and “monitoring and measurement” according to 
the ISO 14001 standard are now jointly represented in one category (Figure 5-5). 




Figure 5-5: Integration into the Management Rhythm^ (Adapted from Greschl998 and Ziist 

1998c) 

In another sketch Tina Balena and Rudi Macher mark the process ’’planning” 
(management view) and the development of ECODESIGN measures on a time axis 
(Figure 5-6). 



^ These considerations are drawn from the results of the working group “ Erfahrungsgruppe 
Umweltmanagement” at the ETH Zurich. 
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Figure 5-6: Integration of ECODESIGN Measures into a Time Schedule (Adapted from 
GreschI998 and Zust 1998c) 

The sketch shows that ECODESIGN is implemented in overlapping 
increments. While the budget process for the next year has already begun, 
implementation of measures for the preceding year is still under way. Targeted 
monitoring accompanying the implementation of environmental projects or 
ECODESIGN projects may yield valuable inputs for the next budget process. This 
requires a regular review of objectives by means of internal audits or by “monitoring 
and measurement”. These procedures are necessary to ensure a lasting integration of 
environmental thinking and ECODESIGN. They also contribute to the creation of 
the prerequisites for the initiation and maintenance of a continual improvement 
process. 

Noting down the results, Tina Balena realizes that she has reached the fifth 
milestone of her traineeship (Figure 5-7). 
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Figure 5-7: Schedule for Tina Baiena 's Traineeship: Relation between ECODESIGN and 
Environmental Management Worked Out 



5.3 Will ECODESIGN Actually Be Implemented? 

Tina Baiena summarizes all the results gained during her traineeship in a final report 
and prepares herself for the final presentation. She wants to use it to broaden further 
the understanding of ECODESIGN among the participants. 

The discussion following her presentation clearly shows that Tina achieved some 
change of attitudes: 

Management discerns the opportunity to save resources and to introduce better 
and more attractive products to the market; it is not driven only by the need to 
“do something for the environment”. 

Management is interested in ECODESIGN and promises to provide clearly 
defined structures and conditions. 

The product development department appreciates the way ECODESIGN has 
been prepared for product development. The ECODESIGN PILOT enables them 
to develop concrete guidelines immediately. 

Marketing discerns the possibility of additional sales arguments. The 
ECODESIGN process is readily comprehensible, and the results can be 
communicated easily to customers. 

The product development process plays a central role in environmental 
management and, quite generally, in the enterprise; this is gaining growing 
recognition. 
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As the presentation ends, Rudi Macher thanks Tina Balena for the agreeable 
cooperation and the valuable results it yielded. Rudi Macher knows now what 
additional issues he has to consider in the development of an environmental 
management system. He also has a clear conception of how to integrate the topic of 
ECODESIGN and wants to start an ECODESIGN project as soon as possible. 

Let’s assume you have been assigned to initiate an ECODESIGN project in your 
company. How would you proceed? 

What elements do you consider particularly important? 

How can you convince management to provide resources for an ECODESIGN 
project? 




6 SUCCESSFUL INITIATION OF ECODESIGN 
PROJECTS 



Tina Balena has successfully completed her traineeship in the company. She will go 
back to the university to finish her studies. At the farewell party, Rudi Macher 
emphasizes again that he thinks Tina had made a very positive contribution during 
her stay at the company. Tina expresses her gratitude for the excellent working 
atmosphere and the opportunity to gather practical experience in the company. 
During the party and in the presence of the other staff members, she makes Rudi 
Macher promise to use the jointly developed ECODESIGN tool in a project soon. 
As he agrees, the head of product development, who is also sitting at the table, 
declares that he already has an idea for a concrete project. 

On the following Monday, the head of product development calls Rudi Macher 
to fix a date for an ECODESIGN project discussion. At the meeting, they talk about 
a product that had been scheduled for redesign. They agree to incorporate 
ECODESIGN principles in the project and to apply the newly developed 
ECODESIGN tool, as well. 

Have you ever thought about what elements, apart from a comprehensive 
understanding of ECODESIGN, are necessary to successfully initiate projects? 

Certainly, a good methodology will be needed. The methodology presented in 
this book may also be found in the ECODESIGN PILOT on the CD. In most cases, 
however, this will not suffice for practical implementation. An ECODESIGN project 
cannot be initiated without extraordinary commitment 

Rudi Macher has found an ally, the head of the product development department, 
who also wants to start an ECODESIGN project as soon as possible. Both of them 
start thinking about what elements are essential in initiating an ECODESIGN 
project. After a brief discussion, they agree that the following issues should be given 
special attention: 

a) Presentation of ECODESIGN benefits to the top management; 

b) Consideration of critical success factors in project preparation; and 

c) Development of a project plan for the ECODESIGN project. 

6.1 Convincing Presentation of ECODESIGN Benefits 

ECODESIGN may benefit an enterprise in different ways. These advantages should 
be outlined prior to the initiation of an ECODESIGN project in order to convince the 
top management of the benefits. Top management has to back the project and 
support its objectives, as it controls the allocation of resources. It is therefore 
important to find an answer to the question: ’’What is in itfor the company?” 

What kind of objections, do you think, your boss will have to an ECODESIGN: 
project? 

In order to support you in presenting the benefits of an ECODESIGN project in 
your enterprise, the CD offers a comprehensive compilation of arguments via the 
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access “Motivation”. This access also provides convenient overhead transparencies, 
which you may use for your presentation. 

Rudi Macher and the head of product development gather arguments to highlight the 
benefits for the enterprise. They conclude that the advantage for the company lies in 
the following fields: Future-oriented enterprise, innovative products, improved 
environmental performance, and improved cost structure (Figure 6-1): 
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ECODESIGN - Why? 



Motivation <- 



-> Future-orientedness of the Enterprise 
-> Innovative Products 
-> Improved Environmental Performance 
-> Improved Cost Structure 



[download .PPT file] 



Figure 6-1: Benefits through ECODESIGN (Source: ECODESIGN-CD, Access: Motivation) 

They write down a few keywords, which form their line of argument on the four 
aspects: 

Future-Oriented Enterprise 

Actively assuming responsibility 
Targeted motivation of the staff 
Improving corporate image 

Building up confidence and credibility with stakeholders 
Achieving better ratings for the enterprise 
Achieving environment awards and eco-labeling 

Complying with new product guidelines (e.g.: integrated product policy, IPP- 
concept of the EU) 

Innovative Products 

Finding innovative products through an interdisciplinary work method 
Improving product quality 

Optimum adaptation of product to real customer needs 
Optimizing functionality of product 

Realizing new opportunities on the market through environmentally sound, high 
quality products 

Opening up new consumer segments 





91 



Improved Environmental Performance 

Avoiding potential damage to the environment and to corporate image 
Reduction of material and energy input throughout the whole product life 
Avoiding waste, emissions, or toxicity throughout the whole product life 
Meeting customers' demand for environmentally friendly products 
Complying with environmental standards 
Complying with relevant laws and regulations 
Ensuring workplace safety in the enterprise 

Improved Cost Structure 

Favorable product characteristics through reduction of operational costs at the 
use stage (e.g. reduction of energy consumption) 

Lower overall production costs through saving on energy, auxiliary, and process 
materials in the enterprise 

Reduction of procurement costs by reducing material input in the product 
Avoiding or reducing expenses for disposal through waste prevention 

Rudi Macher and the head of product development consider the list sufficient to 
raise interest in ECODESIGN within the enterprise and to convince the top 
managers. 



6.2 Considering Critical Success Factors in Project Preparation 

Rudi Macher and the head of product development know from past projects that 
some important organizational issues require careful attention. They decide to 
prepare a list of so-called “critical success factors” already incorporated into the 
project preparation phase. They are intended as a warning because neglecting these 
factors may lead to failure of the project. Both know from experience that projects 
can fail easily; the underlying causes are the same in many cases (Eigure 6-2). 
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Critical Success Factors! 




Motivation <- 





o top management backs ECODESIGN project and supports objectives 
o allocation of resources (budget, time input, ...) agreed 

^ adequate organizational structure established (team appointed, responsibilities 
of experts and decision makers defined) 

o ECODESIGN principles integrated already at beginning of product development 

^ multidisciplinary work method ascertained in evaluation of situations and 
development of new ideas 

o prerequisites for "out of the box" thinking are granted 



Figure 6-2: Critical Success Factors in Project Preparation (Source: FCODFSICN-CD, 

Access: Motivation) 



6.3 Scheme of a Successful ECODESIGN Project 

Subsequently, Rudi Macher and the head of product development put down the most 
essential steps in the implementation of a successful project. In their opinion, these 
steps comprise selecting a product, forming a project team, defining the framework 
conditions, and establishing a project plan (Figure 6-3). 




ECODESIGN - How? 

Motivation <- 



-> Select a Product 
-> Form a Project Team 
-> Define Framework Conditions 
-> Prepare a Project Plan 



Figure 6-3: Steps in an ECODESIGN Project (Source: ECODESIGN-CD, Acce.ss: 

Motivation) 
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They write down the most important elements of each step and jointly work out a 
draft project plan. Their considerations include: 

Selecting a Product 

The selected product should be either: 

a product that is scheduled to be redesigned; 
a product that is to be newly developed; 
a product that is typical of the enterprise; or 

a product that has a certain environmental impact, i.e. a product that is produced 
in large quantities or that contains environmentally dangerous substances. 

Forming a Project Team 

In setting up a team for an ECODESIGN project, its leaders should: 

Recruit team members from different departments, i.e. staff from product 
development/design, production, purchase, marketing, and sales as well as an 
environmental and safety commissioner. Other specialists such as finance 
experts and legal advisors may be considered as well. 

Ensure targeted coordination of the meetings by an (outside) manager. 

Framework Conditions 

This point includes items such as: 

Appointing a project manager 
Goal setting 

Establishing a time frame 

Appropriating a budget 

Giving an official work order 

Appointing a body of experts and decision makers 

Project Plan 

The project plan includes five crucial elements: 

Project preparation 

Life cycle thinking 

Selection of strategies and measures 

Implementation in product development 

Coordination with existing environmental management 

As the ECODESIGN project is to be initiated soon, Rudi Macher and the head of 
product development draw up a schedule. Table 6-1 shows the five core elements in 
a general form. 

Table 6-1: General Schedule of an ECODESIGN Project (Source: ECODESIGN-CD, Access: 

Motivation) 



Step 


Who 


How 


Result 


Project Preparation 


Analyze project scope 
(What is the point?) 


PM + Team 




Project goals 


twiiiliiiaiid 


PM -t- Team 


Workshop 


Selection of product 









94 



design) 








Complete project 
team 


PM 




Functioning team 


Clear up framework 
conditions 


PM + M-i- 
Team 


Working groups 


Organizational 
structure, budget 


Draw up project 
application 






Project submitted 



Life Cycle Thinking 



Describe phases of 
product life cycle 



PM + Team 



Workshop 



Scope of consideration 



Qualitative model of 
environmental impact 
Quantitative 
assessment by I-O 
analysis 



Team 



Input-output 

analysis 



Database 



Analyses and 
assessment of 
environmental impact 


PM-i- 

environmental 

expert(s) 


ECODESIGN 
Internet assistant 


Identification of basic 
type of product 


Selection o f Strategies and Measures 


Assessment of 
possible approaches to 
product improvement 


PM + Team 


CD or Internet 


Potential for 
improvement 


Selection of strategy 
package 


PM + Team 


CD 


Strategies 


Work with checklists 


PM + Team 


CD + workshop 


Prioritized measures 


Identify 

ECODESIGN 

measures 


PM + Team 


Checklists 


Evaluated measures 


Implementation in Product Development 


Defining the task 
Identifying the 
problem. 
Preparing list of 
requirements... 


PD Team 


PD process 


List of requirements 
incorporating 
ECODESIGN 
principles 


Finding fundamental 
approach to solution 
Thinking based on 
function. 

Applying principles of 
action. 

Evaluating various 
approaches to solution 


PD Team 


PD process 


Environmentally sound 
approach to solution 


Formulating solution 
in detail. 

Break down into 
realizable modules. 
Draft, 

Calculation 


PD Team 


PD process 


Environmentally 
friendly solution 
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Coordination With Existing EMS 


Ascertain readiness 


PM + M 


Strategy 

meeting 


Coordination with 
environmental policy 


Life cycle thinking, 
identify basic type 


PM + Team 


Life cycle 
model, I-O 
analysis, ... 


Coordination with 
crucial environmental 
aspects 


Establish 

ECODESIGN 

strategies 


PM + Team 


Workshop,... 


ECODESIGN 
integrated in objectives 
and individual goals 


Work out 

ECODESIGN 

measures 


PM + Team 


CD 


EMS program with 

ECODESIGN 

measures 


Implement 

ECODESIGN 

measures 


PM + Team + 
PD 


In product 
development 


ECODESIGN 
implemented in project 


Monitoring and goal 
setting of 
ECODESIGN 
measures 


PM + Team 


Periodical 
review of 
success, ... 


Monitoring and 
corrective measures 
considering 
ECODESIGN 


Keep record of 
ECODESIGN success 


PM + Team 


Internal audits. 


ECODESIGN results 
integrated in 
evaluation 



PM=Project Manager, M=Management, PD=Product Development 



Do you want to use this schedule for your own project? 

You will have to define concrete actions for each of the individual steps, 
estimate the time input needed, and determine the sequence of events. 

Rudi Macher and the head of product development will formulate an application for 
a concrete ECODESIGN project within the next few days. They are convinced that 
this will form the foundation stone for the successful implementation of 
ECODESIGN in their enterprise. 

And how about you? Wouldn't you like to initiate an ECODESIGN project in your 
company? 

You already know the basic principles, the methodological approach, and the 
sequence of individual phases of the project. You will find support for your project 
not only on the CD, but also at the ECODESIGN information platform on the 
internet: http://www.ecodesign.at. This link offers, in addition to specialized 
information, the opportunity to participate in discussion groups, ask questions, and 
get assistance. 

Now, your commentator says good-by and thanks for listening. I hope you enjoy 
your work and wish you great success with ECODESIGN. 
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